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PREFACE. 



Volnme X. of the B.E. Professional Papers, Occasional Paper 
Series^ whicb we now present to the Corps, contains important 
information concerning both the military and technical duties of 
the Boyal Engineers. Several of the papers published in this 
yolume were in the first instance delivered as lectures at the School 
of Military En^eering. These lectures are, however, from the 
scattered condition of the Ofi&cers of the Corps, only available for 
the few of its members who, for the time being, are quartered at 
Chatham, but many of the subjects treated on are not only of 
interest to the whole Corps, but such as all officers should be 
acquainted with, to enable them to be ready to respond to any calls 
likely to be made upon them in carrying out their professional 
duties, and it is therefore hoped that their publication, in the form 
of Occoiional Papers, will be appreciated by Officers whose duties 
keep them away from Chatham, and who are thus enabled to profit 
by the information collected at the Head Quarter School. 

Connected with the military duties of the Corps, we have a digest 
of the experiments carried on at Dangeness and Lydd, in 1880-81- 
82-83-84, on the effect of projectiles on masonry and earth work, by 
Colonel F. O. Bajlay, K.A., and it is hoped that in fature years we 
shall be able to continue these, as the information thus obtained 
must be of the greatest possible value to officers employed on 
fortifications or infield work. Captain O. S. Clarke contributes an 
able critique on the experiments carried on in 1884, which treats 
the subject from an Eogineer's point of view. 

Major-Oeneral T. Inglis again contributes a paper on " Armour 
Plate Experiments," which brings the subject up to the date of his 
retiring h*om the service, when he relinquished the important post 
which he held for so many years at the War Office. 

This volume also contains a paper by Captain O. S. Clarke, B.E., 
and Lieut. M, Nathan, B.E., on the " Study of Fortress Warfare,'* 
translated from one of Briinners Brochures, published at Berlin in 
1880, and is, we believe, the first treatise in English on a subject 
which ia of naoeasity of vital importance to all Engineer Officers. 



Mr. W. Anderson, of the firm of Easton and Anderson, also con- 
tributes a paper on " Hydro-Pneumatic Gun 'Carriages,** which is 
not only of interest to the Corps in general, but which will be of 
great value to all Officers engaged in the construction of fortifica- 
tions, or who may have to superintend the erection or to take charge 
of any of these complicated structures on existing works. Some 
Officers may not be able to follow all the intricate arrangements in 
these gun carriages, and to them we would recommend the perusal 
of Mr. Anderson's first course of lectures on " Hydraulics,*' 
published by the Lithographic Fund, and of which a few copies are 
still available. 

Many of our readers may have seen accounts in the daily papers 
of telpher lines that have been recently constructed. We are, 
therefore, pleased to be able to give them a good account of this 
new development of the electric power from the able pen of the late 
Professor Fleeming Jenkin, and in doing so feel sure that we may 
express the regret of the Corps that he did not live to perfect this 
new system of electrical transport. 

Mr. A. B. W. Kennedy has supplied the Corps with an interest- 
ing paper on the frequent repetitions of load, which contains a large 
amount of information upon th^e effect of constant vibration on 
engineering structures. 

In presenting this Volume to the Corps, we must express our 
regret at an omission in the preface to Vol. IX. of these papers, 
viz., that it was not stated that a large portion of the matter con- 
tained in that volume was collected and printed while Lieut.-Col. 
R. H. Vetch was Secretary of the R.E. Institute. 

FRANCIS J. DAY, Capiain, R.E., 

Secretary, B.E. Institute, and Editor. 

Ohat/iam, November, 1885. 
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TELPHERAGE 

Being the substance of a leeture delivered at The School of MtlUanj 
Engineering, Ohatham, in the Spring of 1884. 

By Pbof. Fleeminq Jenkin, LL.D., F.R.S. 



In tlie Orflfc place it is necessary that I should define what id meant 
by this word " telpherage/' and perhaps that I should defend its forma- 
tion. The word is intended to designate all modes of transport effected 
automatically with the aid of electricity. According to strict rules of 
derivation, the word would be ** telephorage " ; but in order to avoid 
confusion with "telephone," and to get rid of the double accent in 
one word, which is disagreeable to my ear, I have ventured to give the 
former such a form as it might have received after a few centuries of 
usage by English tongues, and to substitute the English sounding 
" telpher " for " telephore." 

In the most general sense telpher lines include such lines as were 
first proposed by my colleagues, Messrs. Ayrton and Perry. The word 
would also describe lines such as I have seen proposed in the news- 
papers for the conveyance of small parcels at extremely rapid rates. But 
to-night I shall confine myself entirely to the one specific form in which 
the telpher line first presented itself to my mind and which it has fallen 
to my lot to develop. In this form telpher lines are adapted for the con- 
veyance of minerals and other goods at a slow pace and at a cheap rate. 

The problem which occured to me was this: Was it not really 
possible to send vehicles, by means of electricity, along a single 
suspended wire or rod — in fact, to telegraph goods and passengers 
instead of messages ? The idea is familiar as a joke, but on considera- 
tion it appeared that there might bo good grounds for supposing that 
the idea was both practicable and useful I am now able to show you 
the realisation of that idea, and the result of experiments on a large 
and practical scale has, I think, justified the arguments which induced 
me to devote much time and labour to telpherage. 

We conld not with steam employ a vast number of little one-horse 
engines to poll along a number of small trains or single waggons. 
There would be waste both in the production of power and great cost 
in the wages of .the men employed at each engine. 



Tho idea occun*ed to me that electricity gave ns the means of dis- 
tributing power in a way which steam could not do. That is to say, 
whei*eas the steam engine must necessarily be large and heavy, to work 
economically with electricity we can draw off the power by a large 
number of small engines without much greater loss than if we employed 
only one large motor. But distribution of power enables us to 
distribute the weight also. The reason why railways are so expensive 
is that the trains are necessarily heavy to suit the large engines 
employed; 400 tons is often the weight of a single train, which requires 
small inclines, and heavy eartlwwork and bridges. If, however, we can 
distribute the same amount of goods over a considerable length, we 
can have a cheap and light substructure which will carr}'' loads compar- 
able with the contents of one of these largo railway trains but spread 
over a great length. To carry out this idea we must also have the 
means of going up gradients so as to dispense with heavy works such 
as bridges, cuttings, embankments, &c. 

An electric current of, let us say, 50 horse-power will, as it circu- 
lates through a conductor of moderate size, drive thirty small engines 
each of one horse-power, which require practically no supervision, and 
which can be made nearly as economical in their action as a single 
electro-motor of 30 horse-power could be. 

But if the power can be distributed economically along a line, say 
ten miles in length, this allows us to employ thirty small trains, cor- 
responding each to a waggon pulled by one horse, instead of a single 
train such as might require 30 horse-power. If we further distribute 
the weight by making each train of considerable length, we are 
able to employ an extremely light form of road, such as a suspended 
rope or rod of, say, |-in. diameter. At a later period in the lecture I 
will sliow the amount of traffic which such a rod can practically 
convey. Meanwhile, I simply draw your attention to the general 
principles of the subdivision of power and the subdivision of weights. 
In distributing the power by means of electricity it was clear that con- 
aiderable waste must be incurred, bat the amount of that waste is 
easily calculated, and is by no means prohibitory. Moreover, the 
power, being obtained from stationary engines, or in certain cases from 
falls of water, could be produced at a cheap rate in comparison with 
that obtained from locomotives or traction engines. 

When I examined the various forms of possible road by which tho 
distributed power and distributed load could be conveyed, it seemed to 
me that the single suspended rope or rod offered great advantages. 
The smallest railway involved embankments, cuttings, and bridges, 
fencing, and the purchase of land. A single stiff rail, with numerous 



Bopports, from which the train might hang, seemed better, and may, 
in some cases, be employed ; but the sapper ts wonid require to be 
nameroQS — say, one post every 10 or 15 feet — and even with these 
spans the girder required to carry vehicles weighing 2 cwt. each would 
be costly. With a single suspended rod or rope we may have supports 
60 or 70 feet apart. A f-inch rod, thus supported, will carry five 
vehicles, each bearing 2 cwt., without excessive strain ; no purchase of 
land is necessary, no bridges, earthworks, or fencing. The line could 
be removed from the ground so far that it would not be meddled with 
cither by men or animals, 

A single wheel-path gives the minimum of friction, and the rolling 
stock would be much more easily managed than if we attempted to let 
vehicles run on double swinging ropes. On all those grounds it 
seemed well worth while to devise means by which trains could bo 
electrically and automatically driven along the single suspended rod. 

Before proceeding further I had better state how far this idea has 
been realised. The Telpherage Company (Limited) was formed last 
year to test and carry out my patented inventions and those of Pro- 
fessors Ayrton and Perry for electric locomotion. On the estate of 
Mr. M. R. Pryor, of Weston, in Hertfordshire, two telpher lines, on my 
plan, have been erected. One of these is a mere straight road, with 
spans of 60 feet, and various forms of rod and rope. The first full- 
sized train was run on this line with a locomotive which we call the 
bicycle-wheel locomotive. The line was found inconveniently large 
and high, and the experiments were continued on a lino ^-in. diameter, 
of round steel rods, with 50 feet span. This line is continuous, that is 
to say, it re-enters on itself. It is 700 feet long, and we have run a 
train of more than one ton at a speed of five miles per hour on this lino 
with complete success. The insulation has given no trouble. It need 
hardly be said that we see our way to great improvements in details. 
Thus, we can make the road more uniform and stronger for its weight ; 
we can lessen the quantity of material used, and greatly diminish the 
amount of skilled labour required in erection. We can improve the 
design of the posts. We can improve the trucks and locomotives so that 
they will go round sharper angles, and so forth, but the main object 
has been practically carried out. We have had trains, on a scale as 
large as I am prepared to recommend/ running at the highest speed 
I have contemplated. 

I trust it will be clear to you from this description that what I 
have contemplated and realised is not an electric railway destined to 

* Since this lecture, I have seen my vay to run cousideraUy heavier loads ia 
special caseSt 



(Compete with steam railways in convejing goods and passengers at 
high speeds, neither is'it a new form of communication destined for 
small parcels and high speeds ; it is simply a cheap means of con- 
veying heavy goods which, like coal or grain, can bo carried in backets 
or sacks, each containing two or tbree hundredweight. The speed on 
a telpher line will bo that of a cart, and the object we aim at is to cart 
goods at ^ cheaper rate and more conveniently than with horses. 

I will assume that you all know that an electric motor is a machio^ 
which will run so as to exert power whenever an electric current ^ 
passed through it. You also know that a machine called a dynam 
driven by a steam-engine or other source of power, will produce a 
electric current which may be conveyed along a suspended an 
iusulated rod, and used to drive an electric motor. 

In describing the details of my system, the first point to bc^ 
explained is, how the current produced by the dynamo, and conveyed^ 
along a single line, is taken from that line and directed ronnd the ' 
motor. 

I think before going into details it may be as well to let you see 
the model in motion. 

[Here tho model was shown in aclion. This model consisted of 
two concentric octagons of wire, the length of each outer span being 
5 feet. On each octagon there was a single locomotive and train, 
equal in length to that of the span. These trains ran well and steadily 
in opposite directions round the lines.] 

We have here an up and a down line (Fig. 1) ; tho little trains aro 
about the length of one side of tho octagon. The corners in this case 
are very sharp, viz., 4»o degrees, and are only slightly rounded off. Tho 
second train, with tho new locomotive, was only completed the day 
before yesterday, and has never run until started this evening. It 
hesitates a little at the corners, and wants a little helping occasional! v, 
but, nevertheless, shows the practicability of tho system. 

The trains are here driven by a battery. It is a question of nico 
balance how much current goes through each train. If one tmin 
begins to race, it affects the other, and the largest part of my 
work this forenoon was, with the assistance of Captain Cordew, to put 
in resistance coils to enable the trains to balance. This difficulty, 
however, vanishes as soon as the line is worked by dynamos, which 
maintain a constant potential, whether you have a large or small 
circuit. 

In endeavouring to realise this idea, the first thought which 
occurred to me was that of dividing the line into lengths, equal to 
tihe length of the train, so that using the train to bridge over a gap 



between two soctions at different potentials, the carront coald be 
conveyed from the leading to the trailing wheels of the train, ronnd 
the motor. This idea is employed in the model now shown ; bnt, in 
the first form which suggested itself, the gaps between the sections 
^vere opened bj a switch worked by the front of the train, and closed 
by a switch worked by the end of the train. The first model, which 
• may liave been seen by some present working in Fitzroy Street, was 
made on this plan. Trains driren in that way would all bo coupled in 
clerics. The present model is dificrontly arranged ; there are no work- 
in^ parts or switches. 

If ABGDEFGH and ah cd efg h represent the two lines of 

Tails, yon may observe across connection made by guttapercha covered 

^wire at the ends of each section (shown in dotted lines)^ and if the 

thick and thin lines be taken to denote the sections into which the 

line is divided, the odd sides of the outer lines are connected with tho 

even sides of the inner line, and the even sides of the outer line with 

tho odd sides of the inner line, wo have thus two continuous circuits 

^oiog right round, but not joined to each other ; tho rods indicated by 

the thick line are connected to one pole of tho battery or dynamo, 

and the rods indicated by the thin line either to the other pole or to 

earth ; short insulated gaps are left between the successive sections, 

and each section is in length equal to that of a train. So long as no 

train bridges a gap no current flows, but as soon as a train bridges a 

gap a current flows from the positive to the negative pole, from the first 

wheel of the train to the last, and round the motor, so that the engine 

is put in motion. This plan is called the cross-over system ; all tho 

trains arc joined by it in parallel arc, and tho current is reversed 

each time a train passes a gap. This reversal does not affect the 

working of tho motor. This is tho plan which has been carried 

out on a large scalo at Weston. Its simplicity leads me to believo 

that it will be the plan most usualy adopted, but several other 

methods of driving have been devised. A spark passes between the 

wheels and the line each time the current is stopped ; but this spark 

occurs between large masses of metal, where it appears to be harmless ; 

it has given no trouble whatever at Weston. Moreover, it has been 

found very easy to make connection between the line and the train. 

The ordinary truck wheels answer admirably, so that no complicated 

brushes are required. Thero are some absolute advantages in the 

interruptions occurring at regular intervals, but the discussion of 

these would lead me too far for my present purpose. 

Only one of the two continuous conductors requires to be insu- 
lated ; this results in alternate insulated and oninsulated sections ail 



along each line. Fig. 2 shows a saddle, as we call it, with an Insu- 
lated attachment at the one end and an nninsnlated attachment at the 
other, as used for a short sample line which has just been sent to Peru 
for the Nitrates Railway Company (Limited). The line itself is a 
three-quarter inch steel rod with forged ends, and the figure sufficiently 
shows the mode of attachment. The insulation is given by a vulcanite 
bell insulator. A is the uninsulated end pinned direct to the saddle. 
B is the insulated end pinned to the cast-iron cap C ; D is a yulcanito 
bell insulator, on which the cap C is secured ; the insulator rests on a 
sort of iron or pin cast into the saddle ; E is a short insulated 
gap-piece.* All the parts are designed to stand 2*2 tons strain ; 
the vulcanite is secured between two layers of Siemens cement. The 
experiments at Weston have shown that vulcanite answers perfectly, 
but the material is rather expensive. I have here a smaller porcelain 
insulator, which has been subjected to 2*2 tons strain. I believe 
porcelain will answer well in all respects, but it has not yet been sub- 
jected to the test of actual traffic day by day. At Weston the vulcanite 
was used between layers of Portland cement, the only objection to 
which is that it takes some time to set. The simple steel rod has been 
found preferable in all ways to rope. We find that there is less 
friction and less jar with the rod, and ample flexibility ; it is also much 
easier to secure. Moreover, a solid rod with welded ends can be made 
BO that the ends, where supported, are, to some extent, undercut, and 
this allows much greater freedom of rolling than would be compatible 
with the horizontal gripping wheels, especially when gripping wheels 
ai*e used which, like those in the model, actually hold on to the line so 
as to resist being lifted. 

Fig. 5 shows the posts and crossheads supporting the line. In the 
1-inch example this design was fully carried out, and the posts stood 
the cross strain due to the overhanging load perfectly. In the five- 
eighth line an attempt was made to cheapen the construction, but the 
posts in wet weather work at the foundations. It is well that we are 
put on our guard against this danger. In the first design a sort of 
rocking saddle was employed, to allow the strain to be transmitted 
from one span to the next, but the flexibility of the posts provides 
amply for this object. 

Abutment posts are required at intervals, and these can be made 
use of to provide compensation for changes of temperature, and to 
limit the stress on the rods. In straight lines I reckon about four 
abutment posts per mile. 

* It has since been found desirable to make this gap-piece somewhat longer, and 
. aeparat^y supported. 



In tbo short South American line curves of 45° at the posts will 
be employed, as shown in the model.* At the stations, where goods 
are to be handled, rigid supports will be more conveniently employed < 
A bulb angle-iron like that shown in Fig. 4 supported every ten feet, 
answers well at Weston, and a siding, leading the trucks off this line, 
has been satisfactorily carried out. The siding leads back to the lino 
at a point between two flexible spans. In fine, it may be said to- 
night that the problem of the continuous line, whether straight, 
curved, rigid, or flexible, has been completely solved. Drawings and 
specifications can be put, without farther delay or experiment, into the 
hands of contractors. 

Trucks used on ordinary rope lines are designed to be pulled by 
ropes on a road which is necessarily straight, \yhen trucks of this 
description, with wheels Sin. diameter and 22 in. wheel-base (Fig. C) 
were tried at Weston, arranged in trains, some new difficulties pre- 
sented themselves. Any sudden check to the motion was followed by 
a rearing action, throwing the truck off the line ; similar resnlts 
followed the application of any sudden pull. Moreover, tracks with 
two rollers on a rigid frame, even with so great a wheel-base as 22 in., 
require curves of considerable radius if we are to avoid serious binding 
at the flanges. Notwithstanding these difficulties, the trains at 
Weston with a little care run well and lightly, but the tracks which 
have gone to South America are on the plan adopted in the model, 
and run much more safely and turn much sharper curves. They have 
two peculiarities — firsts each wheel 7 in. diameter (Fig. 7) is pivoted 
on an axis, B, vertically over the centre of the wheels, A ; this allows 
the truck to run with the freedom of a bicycle round curves ; secondly, 
the weight carried is hung on a swinging arm, D, pivoted to the frame 
at a point, P, on a level with the line. The result is that any force 
applied in a plane containing the line acts as if applied at the line 
itself, and will neither lift the wheels in front nor behind. In the 
model the coupling, as you see, is attached to the top of the swinging 
arm^ where the coupling rods are well out of the way. The swinging 
arm, moreover, relieves the locomotive from all jerk at stopping or 
starting. 

The truck is completed by a small hook or catch embracing the 
rod. In case of any accident causing the wheels to leave the line this 
hook will prevent the truck from falling. The weight of the two- 
wheel stiff truck, shown in Fig. 6, with wroaght-iron buckets, is 75 lb. 
The weight of the two- wheel pivoted trucks, with wooden bucket, is 

* These cnnres have been found too sharp in practice for speeds over two miles 
an honr. 
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63 lb. Tbey aro both adapted to carry 2 cwt. Fig. 8 abows a one- 
wbeeled truck tested — tbe results were not favourable. A special form 
of bucket mnst be designed to suit each kind of traffic. Simple iron 
books for sacks will, in many cases, be available, and these hooks can 
bo so contrived that on being struck they will drop tbe sack. 

The first type of locomotive which was tried on a large scale is 
shown in Figs. 9 and 10. The- motor lies horiEontally across the linp, 
and is connected by a form of frictional gearing, which I term right 
angle nest gearing, with the edge of a bicycle wheel, W. The Rhaft 
of the bicycle has on it two discs, B B, one of which is fixed on the 
shaft, while the other can slide longitudinally on the shaft. These two 
discs are pressed together by a spring D. 

The next point of extreme interest is the manner in which the 
locomotive is guided by the horizontal wheels. In a railway you have 
flanges to guide the locomotive, but in this model there is not tbe 
slightest guiding done by the flanged wheels C C, the guiding is done 
by the two horizontal gripping rollers A A which grip the rail. These 
rollers are supported in such a way as to be free to come together 
under the pressure of the spring transmitted by the discs B and B. 
By tightening the spring any required grip can be obtained with 
no injurious friction either on the cross shaft or on the spindles 
of the rollers. This grip is a form of right angle nest gearing. The 
weight of the locomotive wns taken by wheels C C, fore and aft. The 
following defects were observed : — The frictional surfaces, both in the 
upper and lower ncsts^ were too small, and the materials too soft, so 
that rapid wearing resulted, with a consequent increase of friction. 
Moreover, the grip was so powerful that the rollers A A were capable 
of supporting the weight, and thus a small inclination of their vertical 
axis was enough to cause the locomotive to rise, and even run ofi* the 
line; moreover the vortical curvature in the rope or at the posts 
required the rollers A A to be deep, thus limiting tbe extent to which 
rocking was admissible ; moreover, very broad pulleys, fore and 
aft, would be required even for moderate horizontal curves. Never- 
theless, this locomotive ran sufficiently well on the 1-in. line during an 
exhibition to the shareholders last autumn. The weight for a five- 
eighth line of a somewhat improved form of this type, to exert one 
horse-power, on the average is 200 lb. with a half-horse motor. The 
driving wheels A A of this example are 6^ in. diameter. The motoi 
makes 9*23 revolutions for one of tbe driving wheels. One mile per 
hour corresponds to 473 revolutions per minute of the motor. 37 in. 
pounds at the motor spindle are required for a pull of 100 lb. at the 
rail. 



Figs. 11 and 12 show a locomotive designed by Mr. A. C. Jameson, 
when I was personally nnable to attend to work. This locomotive, 
which is called the belt locomotive, shows a great advance on its 
predecessor. The general arrangement of the npper nest grip is 
retained, bnt a most ingenious modification has been introduced by 
which the discs C G ran on one path on the rollers A A, while the 
rod nins on another. In this way the dirt from the lino is never 
conveyed to the driving disc surface between A and C. Moreover 
these frictional surfaces, which are points in the first form, have 
hecomo linos in the second. This head answers admirably. The 
weight is carried by a roller, B, between the gripping discs, an 
arrangement contained in one of my first small models, and wrongly 
rejected in the first large locomotive. With this subdivision of 
weight the gripping wheels are much less likely to rise, and can be 
made very shallow. In the actual locomotive these gripping wheels 
are of an open inverted /^ shape, which has certainly run very well, 
although I prefer at present the upright V shape, which closes under 
the rail, as used in the model before you. Both of the gripping rollers 
drive, as in the first type. The cross shaft is driven by a belt on a 
20 in. pulley, D, from the pulley E on the motor spindle. The friction 
dne to the pull of this belt on the motor spindle is relieved by friction 
rollers. This locomotive runs extremely safely and steadily on the 
lioe ; indeed, I am not aware that it has ever been thrown off. 

The following are particulars of its construction : — Weight with 
961b. motor, 2691b. ; wheel-base, 2ft. 6in. ; diameters of driving 
rollers, 6io. ; 4.94 revolutions of motor per one revolution of driving 
^heel. A couple of 60*Gin. lb. on motor is required for 1001b. pull at 
fail i "76 revolutions of motor correspond to one mile per hour on the 
rail. 

The only improTcments I have to suggest in this design are : — 1st, 
the addition of gear, which will give a higher speed of motor for the 
normal speed of four miles per hour, which we contemplate ; 2nd, the 
Edition of a swivel or bogie' arm, such as is used in the model before 
joo; 3rd, improvements in the belt connection.* Moreover, the 
ii^hino requires strengthening in some places. It will, however, be 
^n that none of these points touch tho essential features of the 
design, which might at once be adopted in practice. Worked with 
'"'Motors of the Gramme type, the additional gear would not be 
'Quired. 

Before the belt locomotive had been completed it was necessary to 
design a locomotive for the South American line, which I have seyeral 
* A pilch chain hss since been applied, irith perfect snccess. 
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times mentioned. I had meanwhile constructed the model which is 
now before jou ; and this little locomotive, in which the power is 
transmitted by ordinary spur wheels, ran so extremely well that I 
adopted the general arrangement for the next example on a large 
scale. This arrangement is shown in Figs. 12 and 13, the grip (C C 
and B B) is a third variety of the right angle nest, simpler than that 
in the belt locomotive. In this form, also, we have line contacts, and 
two paths for the disc and rod. Where it is desired to drive from 
both sides this arrangement is less powerful than that in the bel^ 
locomotive. In the South American locomotive I drive from one sido 
only, leaving the off side roller free to revolve as it pleases; thi^ 
avoids grinding at rapid curves, and the adhesion given by one wheeC 
will be ample in a dry country, such as that where this locomotive is 
to work. The arrangement of the gearing E and F is obvious > it 
allows the locomotive to lie fore and aft instead of across the line, and 
this arrangement has some advantages in the adjustment of the 
weights. The surfaces of the gripping wheels are arranged like an 
upright V) BO as to hold on under the line. This makes it very diffi^ 
cult for the wheels to leave the line, both because of their absolute 
hold and because the inclination of the V ^s such as to favour, the 
action of gravitation in overcoming the friction of the grip, instead of 
opposing it as in the inverted V* 

Another feature of this machine is the arm pivoted at P, and 
carrying the leading wheel, which is again pivoted at M in the arm, as 
in the case of the tracks. This arrangement allows the locomotive to 
traverse corves of G ft. radius — a very remarkable result. 

The full-sized locomotive has only just been completed, and run on 
three spans at Messrs. Easton and Anderson's. So far as I am able 
to judge from the trial, it is likely to be a complete success. It will be 
immediately shipped for its destination, so that its performance cannot 
be more fully tested in this country. The following particulars will 
show that it is much more powerful than the belt locomotive, but it is 
considerably heavier : — Wheel-base, 2 ft. G in. ; weight, about 3 cwt. 
141b.; 15 revolutions of motor per revolution of driving wheels; 
diameter of driving wheels, 10 in. ; 33*3 in. lb. per 100 lb. pull at rail ; 
604 revolutions of motor per minute for one mile per hour. 

I am in doubt at this moment whether to adopt the belt locomo- 
tive or the spur wheel locomotive for the next example. It is simply 
a question of cost, weight, and durability. Either will do the 
work. 

In all the arrangements it is essential that the second bearing 
wheel should lead, not foUow the drivers in regular work. The 
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Toverse arrangement lets the rope lead on at an angle with the plane 

of the roller, causing an injurious grinding action. 

Details of couplings have been well worked out, but space fails for 

their description. 

As general features of the train running on the line I may mention 
that the deflection of the rod within reasonable limits has yerj small 
influence on the resistance. When the deflection on a 50 ft. span was 
about 2*4 ft., the resistance for a train of trucks, weighing in all 1,2G0 lb., 
was 221b.; and no sensible difference could be detected when the 
deflection was materially reduced. This resistance was measured by- 
pulling a train along, span after span, bj one end of a rope passing 
over a pulley on the leading truck, and having a weight hanging verti- 
callj from the other end of the rope ; the weight thus limited the pull. 
This pull differs extremely little as the train moves along, for when 
one part of the train is descending the curve the other part is ascend, 
ing. It should be noted that during this experiment no special care 
had been taken to oil the bearings, and I have no doubt this pull can 
be materially reduced. 

I have ventured to dwell at some length on the mechanical pro- 
blems involved in this form of telpherage, because the experiments 
made so far have chiefly borne on questions of mechanics. The 
makers of dynamos can put at our disposal apparatus which will 
generate day after day, with perfect certainty and regularity, currents 
of electricity such as will transmit the horse power generated by 
powerful steam-engines. These makers have already solved the chief 
electrical problems which present themselves in connection with 
telpher lines. They can give us at will constant current or constant 
electromotive force, high or low, as we may choose. They are now 
able to arrange their apparatus so that any number of incandescent 
lamps may be tamed oS or on without disturbing the regularity with 
which other lamps are supplied, and by the same arrangement we are 
enabled to start or stop any number of telpher trains without disturb- 
ing the running of others. The electrical problems of the telpher line, 
and those of electric lighting, run in absolutely parallel lines. 

The electric motor, although it may be termed a mere inversion of 
the dynamo, has not as yet been brought to equal perfection, but 
month by month improved designs, proportions, and materials are 
being introduced, and the result already obtained is sufficient for our 
purpose. It is all the more encouraging to feel that these results will 
certainly be surpassed, and far surpassed, in the immediate future. 

The following short summary of the problem of the transmission 
of power by means of electrici^ may interest those who have not 
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fitadied tbe sabject. Thero are three steps in this transmission — ^IM^ 
yre convert mechanical power into electricity by means of a dynamo; 
in doing so we incur a loss of from 10 to 20 per cent. 2nd. This 
electricity, in flowing along a conductor, generates beat^ representing 
a farther loss analogous to that resulting from friction in mechanical 
gearing. This loss, depending on the distance of transmissioo, the 
size of the conductor, and the electromotive force employed, is easilj 
computed. 3rd. "We re-convert the electricity into mechanical power 
by means of an inverted dynamo, which we term an electric motor. 
With motDrs in which large weights of iron and copper are employed, 
the loss in re- conversion need not exceed 20 per cent., but with light 
motors, weighing from 70 lb. to 100 lb. per horse power, such as we 
must employ in the locomotives, I could not undertake with certaiotj 
at this moment to effect the re-conversion without a waste of one-half- 
The eflTect of all these sources of loss is, that at the stationary engine ^ 
must exert about 3-horse power for every single horse power which i^ 
employed usefully on the line. I look forward confidently to the tin>^ 
when 2-horse power at the engine will be sufficient to give 1-hor^^ 
power to the motor. 

To put these conclusions in a more scientific form, I may assum^^ 
the efficiency of my dynamo as 80 per cent., that of my light motot^ 
as 50 'per cent. The waste by heat expressed as horse power is 

equal to — — -. , where C is the current in amperes, and R the resistance 

m ohms. The horse power represented by the current is equal to ~| , 

746, 

where E is the electromotive force in volts, and the current in 

amperes. It follows from the last expression that I may increase the 

horse power in three ways, by increasing either E or C, or both. If I 

increase E, leaving C the same, I do not increase the loss during 

transmission along the line, no matter what horse power the given line 

may transmit. A practical limit is set to the application of this law 

by the difficulty met with in dealing with electromotive forces above 

2,000 volts. Marcel Dnprez, taking advantage of this law — first 

pointed out by Sir William Thomson — has transmitted 7 or 8-horsc 

power over seven or eight miles, through an ordinary telegraph wire, 

and ho obtained a useful duty of 63 per cent., taking into account all 

the three sources of loss which I have enumerated. With small motors 

I cannot yet promise a result so good as this, and I merely mention it 

to let you understand that, in speaking of 3-horso power for one at the 

locomotive, I am leaving a very ample margin. 
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(aitting generalities, I will give some details as to the elecfrical 
other conditions ^ecei^arj^in two examples, for what may be con- 
red as typical telpher lines : 

^irst Ljne.'—JjeTigJLh^ fiye mijcs. Length of circuit, ont and in, ten 
3. T^jfcnty-five (rainq, running at once, space one-fifth of a mile 
t ; spejdd, f^nr qiiles j)er l^our. , Let, each, require l-horse power 
be aTerage ; let the motor take on the average two amperes of 
,ric current '^ let the elgctroqiotivQ force near the stationary engine 
40 Tolts ; the electromotive force at the end of five miles m'ill be 
it 746 volts. The total current entering the line will be fifLy 
eres at the near end of the line. Fifty amperes and 840 volts 
esent 56*5 horse power; of this 6*5 horse-power will be wasted in 
ing the line ; the remaining 50 horse-power will do work in the 
3rs equivalent to 25 horse power. In order to give this current 
fty amperes with 840 volts, the stationary engine will require to 

t — - X 56* horse power, or, roughly, 70 indicated horse power, or 
o 

ewhat less than three times the useful horse-power. Let us now 

nine the economical results to be obtained from such a line as this. 

IDowson, in an interestiog comparison between the cost of horse 
or obtained from coal and gas, reckoned the cost per horsepower 
a 100-horse power engine at the rate of £d. 6«. Od. per annum, to 
ade wages, coa], oil, and depreciation. Mr. Dowson would natu- 
y be led to put the cost of steam power obtained from coal rather 
Li than low. I will, however, adopt a very much higher figure, and 
axne that the power may cost as much as £6. 10s. per horse per 
mm ; this gives £455 as the cost of the 70-horse power required 

my telpher line. 

Let the 25 trains each convey a useful load of 15 cwt. In a day of 
bt hours the line will have convoyed a traffic which wo m^j express 
600 ton-miles — i.e., it will be equivalent to 600 tons conveyed. one 
le, or 60 tons on each lino conveyed from end to end daily. If we 
int 300 working days in the year, the sum of £455 gives £1. 10a. 4(7. 
: diem, and the 600th part of this is about 0*604 of a penny as the 
{t of the power required to carry a ton one mile. 

In Great Britain we ought easily to be able to reduce this below 
lalfpenny per ton per mile, which proves that the apparent great 
ate, even of two-thirds of the power in transmission, does not involve 
>hibitory expense. In calculating the whole cost of transport, w6 
ist further take into consideration the cost of the installation.- 
king the spans at 70 feet, I estimate this cost as fpllows : 
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Line £500 per mile 2,500 

Engine, boiler, and shod, at £20 per indicated horse-power 1,400 

Dynamo and fittings •••••#• 1,000 

Twentj.five trains, I pnt at £100 each • • • • 2,500 

GontiDg^Dcies ••••••••• 600 



Total cost £8,000 

Allowing 12^ per cent, for interest and depreciation, this represents as& 
annnal cost of £1,000. Allowing £100 as the salary of an electriciao 
or young engineer, and adding £455, the cost of the power, this gives 
a total annual expenditure of £1,555 for the daily duty of 600 ton-mile»- 
If wo continue to assume the year as containing 300 working days, the 
total cost of conveying one ton ono mile will be found equal to 2*07<I- 
If goods arc to be transmitted for long distances, the same calculation^ 
applies. We should simply have stations ten miles apart^ working lin^^ 
five miles long on each side of them. This, then, is the practical ou*** 
come of the general principles stated at the beginning of this pap^^* 
Wo may expect with great confidence to being able to convey goods iCT 
any distance at the rate of 2d. per ton per mile by the agency of th ^ 
RUHpended telpher line, this, however, supposes there to be a very con ^ 
siderable traffic. 

Iklatters are somewhat modified when the traffic is smaller. Makin^^ 
similar calculations for a line one mile long instead of ^Ye^ with only^ 
four trains running at once, we might employ an electro-motive force 
as low as 100 volts ; the loss by heating would be insignificant ; we 
should require about 12-liorse power ; the work done in eight hours 
would be 96 ton-miles. I estimate the cost of installation at £1,600, 
and the annnal cost of working £344, without the annual salary of an 
electrician. This corresponds to 2'875</., or less than 3cZ. per ton per 
mile. One very important feature in respect to the cost of telpher lines 
is the faot that the larger part of that cost is due to plant, such as loco- 
motives, trains, and dynamos. This plant can be increased in proportion 
to the work required ; thus there is a very moderate increase of cost in 
the rate per ton per mile for a small traffic as compared with a large 
one, and, on the other hand, a line laid down for a small traffic will 
accommodate a much larger traffic with no fresh outlay on the line itself. 

Then, again, a number of lines may be made to a common centre, 
there is no reason why the plant should not be common to a dozen or 
thirty lines whicb might converge on a railway station, where they 
would not compete with the railway, but form a number of feeders to it, 
and thus supply it with more traffic. 



There are many minor points that will occur which I do not propofio 
to treat of to-day. For instance, it will be necessary to govoi'n tlie speed. 
Owing to the extreme rapidity of the motor, a very trifling break is 
luf&cient to check the velocity down hill. I am perfectly able to push 
or pull the train, which I push round here, (illustrated by model). 
X*iien the question of blocking requires to be considered. Several 
Automatic plans have been devised, by which the driving current is 
stopped or diverted from a train which approaches too near its pre- 
decessor ; but until trains come to run much quicker than anything 
^ Have described, if one ti*ain sticks, the very best thing that could 
^^jipen to it would be that another train should overtake it and give it 
^ f^ush (illustrated by the lecturer, the broken down train >vas driven 
^0¥»^ard by the one in motion). The question of sidings also is not 
* i QScult 

There are numerous minor electrical problems involved, but time 
^Oes not permit me to enter into the consideration of these to-night. It 
^ ill be sufficient for electricians when I say that I see my way to govem« 
^^S> blocking, and breaking the trains, without ever interrupting the 
^^rrent used to work the motor, except between the line and rolling 
Wheels. At this point we already know that the interruption, although 
Accompanied by a spark, does no injury whatever. I have often been 
'^ked whether the frequent reversals involved in the cross-over system 
4o not tend either to injure the dynamo or the motor. I made special 
Experiments on this very point lately with a compound wound Crompton 
dynamo and Mr. Reckenzaun's motor with thirty-six coils. I was 
finable at the commutator of the motor to detect the smallest change in 
the motion due to the most rapid reversal. At the dynamo commutator 
I could just see when the reversal occured, but there was no change of 
a character to cause the smallest alarm. At the same time I may state 
that, when from any cause reversals may bo thought undesirable, we 
are in possession of apparatus which we call " step overs," which, with« 
out diminishing the simplicity of the permanent way, enable us to 
send a continuous and unreversed current. These and similar electrical 
questions, such as the performance of Messrs. Ayrton and Perry's 
excellent motors, might possibly have had greater interest for electri- 
cians than some of the mechanical details discussed to night ; but I 
have felt that the main point to establish, in bringing this invention 
before the public, is that we have in telpher lines a means of conveying 
goods in an economical manner, by lines, locomotives, trucks, dynamos, 
and motors, which have undergone their preliminary trials with success, 
and can be at once applied to the more searching test of performing 
work for the public. If I have established this fact, I think you wiU 
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have no difficulty in believing that the subsidiary electrical p^ 
have been, or will be, readily solved. I hope that at a fatara 
these will be brought before you in detail on many occasions j 
many men. 

In conclusion, I will enumerate some of the uses to which i 
lines may be put. They will convey goods, such as grain, c< 
all kinds of minerals, gravel, sand, meat, fish, salt, manure 
vegetables, in fact, all goods which can be divided convenient 
parcels of two or three hundredweight. If it were necessary, I 
feel no hesitation in designing lines to carry five or six cwt. 
truck. The lines will carry even larger weights when the< 
planks or poles, can be carried by supension from several ( 
trucks. The lines admit of steep inclines ; they also admit < 
sharp curves. Mere way leaves are required for their establi^ 
since they do not interfere with the agricultural use of the g 
They could be established instead of piers, leading out to sea, 
t)iey would load and unload ships. With special designs, thej 
oven take goods from the hold of a ship and deliver them ic 
floor of a warehouse miles away. When established in co 
where no road exists, the line could bring up its own materia 
railway does. Moreover, wherever these lines are establishe 
will be so many sources of power, which can be tapped at anj 
for the execution of work by the wayside. Circular saws, c 
cultural implements, could be driven by wires connected with t 
and this without stopping the traffic on the line itself. In fine 
I do not believe that the suspended telpher lines will ever c 
successfully with railways, whore the traffic is sufficient to 
dividend on a large capital, I do believe that telpher lines wil 
very extended use as feeders to railways in old countries, an( 
cheapest mode of transport in new countries. In presenti 
view to you, I rest my argument mainly on the cost of d 
modes of transport, which may, I believe, be stated approximi 
follows : — Railway, 1 J. per ton per mile ; cartage, 1*. per t 
mile ; telpher lines, 2d. per ton per mile. And let it be reme 
that, in taking the cost of cartage at Is. per mile, the first c 
maintenance of the road is wholly left out of account ; whereas, 
calculations for the telpher lino allowance has been made b* 
establishment and maintenance. 
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THE EFFECT OF PROJECTILES ON 
MASONRY AND EARTHWORKS. 



IBj LiBOT.-CoLONBL F. G. Baylay, R.A., Chief Insiractor R.M. 

Repository, Woolwich. 

P^ ing a Precis of the Experiments carried on at Dungeness mid Lydd 

in 1880-81-82-83-84. 



Introductory Remarks, 

^OBK entering on the subject of the various experiments in 
^-K^ action with siege operations and siege artillery, wliich have, 
"^i^g the last four years been carried oat at Dungeness and Lydd 
B^^T the Ordnance and Siege Operations Committees, I would wish to 
that time will not admit of my doing more than bringing the 
points of interest under your notice ; a vast mass of ddtail must 
^^cessity be passed over. I shall therefore confine myself to a brief 
^^ifi of the information gained in the various experiments carried 
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Ajthongh fill] and detailed reports of experiments are annually 
x^ted at the War Office, they are only issued to a few heads of depart- 
^te and to the officers belonging to, or associated with, the Committees 
•*|5ed with carrying out the experiments. Only a very small num- 
^ of officers have therefore a chance of ever seeing these reports, and 
' tliose that do, but few have the time and opportunity for reading 
^iBQi critically and extracting, as it were, the cream of the matter. 

1 hope, however, that the short account of these experiments I liave 
|nptred will be found to meet the want indicated. 

B 
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EXPERIMENTS CARRIED OUT AT DUNGENESS IN 1880 

UNDKB TUK 

SIEGE OPERATIONS COMMITTER 



In referring io the experiments carried oat at Dungeness in 1880 
nnder the Siege Operations Committee, I shall necessarily have to oon. 
fine my remarks to the experiments in connection with breaching 
revetments, and detached walls of concrete and brickwork, by carved 
fire. 

Preliminary Experiments. 

Before entering npon the main breaching experiments the Committee 
carried oat a series of preliminary trials with the view of gaining 
information on the following points viz : 

1. The lowest limit of effective striking velocity of shells of 
varioas descriptions on conci*eto and brickwork. 

2. The greatest obliquity of fire permissable (having due regard 
to effect) with shells of different weights, and at various striking 
velocities. 

3. The comparative efficiency of varioas percussion fuzes. 

4. The relative effects of gunpowder, and gun-cotton bursters. 
With respect to the material fired at, it may be stated that the 

concrete was of fair quality for concrete made with rounded shingle ; 
it was made in the proportion of 6 parts shingle, 1 of sand, and 1 of 
Portland cement. 

The brickwork was made with bricks of very hard quality set in 
Portland cement (three parts sand to one of cement). 

The following conclusions were drawn at the termination of the 
preliminary trials : — 

Subject 1. — Lowest limit of effective striking velocity, for breaching 
concrete or brickwork. 

6-3" BM.L. HowUzer.^With the 63" B.M.L. howitzer firing a 70 lb. 
shell, the lowest effective limit has been passed when the striking 
velocity falls to 300 f .s., becanse the effects produced are so slight 
that the expenditure of time and ammunition requisite for the forma, 
tion of a breach would be excessive ; with such shells it would appear 
from these and subsequent experiments, that with a striking velociir 
of about 400 f .s. the frontal fire of this piece may be considered 
effective at angles of descent up to 20°. 
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6*6" B.M.L. Howitzer. — With the 6*6" R.M L. howitzer firiog a 
100 lb. sheU with a 2 lb. oharge (the smallest ased), the striking velocity 
is never less at any range than 420 f.s., and with such velocity the 
frontal tire is effective (especially against detached walls) at angles of 
descent considerably above 20^. 

8" BM,L. RowUsier (70 cwt.)—Wii\i the 8" R.M.L. howitzer of 70 
cwt. firing a 180 lb. shell, the smallest charge nsed is 3^ lbs., and the 
lowest striking velocity at any range is 432 f.s. It is evident that 
since snch velocity proved effective with the lighter shells of the 6*3'' 
and 6'6" howitzers, it would prove still more so with the 180 lb. shell 
thrown by this piece, and at any angle of descent likely to be 
required. 

Comparative efficacy of Common and Battering Shells. — Generally 
speaking, there would appear to be hardly any difference in penetration 
into concrete and brickwork between common and battering shells, 
and consequently the former are to be preferred on account of the 
greater effect produced by their heavier bursting charges. 

Subject 2. — Greatest obliquity of fire permissable. 

The object in carrying out these trials with oblique fire may be 
explained as follows : 

The shorter the horizontal distance between the crest of the glacis 
and the face of the wall the greater the an^le of descent required to 
enable a shell to strike any given point — say, half way down the wall 
— and, the higher the angle of descent, the lower the striking 
velocity. Again, the lower the velocity the greater the loss of accuracy 
and effect. 

Now, in the case of a battery firing ohliqitely at a wall, it is evident 
that the horizontal distance between the crest of the glacis and the 
revetment (measured in the plane of fire) is greater than would be the 
case if the fire of the battery was ' frontal,' and, therefore, a higher 
striking velocity, with its attendant advantages, could be secured in 
the former than in the latter case. 

From the results obtained in the trials carried out, the following 
conclusions were arrived at : 

6*3" BM.L^ Howitzer, — With the 6*3" howitzer, when the striking 
velooity approaches 4O0 f.s. the fire may be considered effective at 
angles of impact as low as 60^ and even at 55°, although the shells 
gluoe, the face of the wall is prepared for the effective action of 
Bubeequent shells.* 

^'^'^ BM.L, Howitzer. — With the 6'&^ howitzer, when the striking 

* Hazimnm effective angles of descent. 6*3" Howitzer, about 20^ ; G'C and 
8-inch ditto, conrnderably in excess of 20°. 

B 2 
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velocity approaches 500 f.s. the fire is effective at angles of obliquity 
afi low as 45°, and even at 40° considerable work is done on the wall.* 

8" B.M.L. Howitzer (70 cwt.) — With the 8'' howitzer, when the 
striking velocity approaches 600 f.s., the fire may be deemed effective 
at angles of obliquity as low as 40°.* 

In the case of granite, it does not appear (from some experiments 
carried out at Shoeburyness) that much work would be done by shells 
striking at an angle of impact less than 60°, and, even then, fo)m the 
fact of c^st-iron shells breaking up on impact, the effect produced in 
the earlier stages of breaching would, doubtless, be very small. 

Generally speaking, the obliquity of the angle of impact at which a 
given effect will be produced, increases both with the weight of the 
shell and with the striking velocity. 

Comparative efficiently of various Percussion Fuzes. 

With respect to the experimental fuzes tried in these experiments, 
it may be observed that — 

Delay Fuses. — -Delay action fuzes were employed with a view of 
bursting the shell at extreme penetration, and in the few cases where 
this result was secured, the effect was very good ; but it frequently 
happened that the shell glanced or rebounded from the wall before 
bursting, thus only producing the same cfEcct as a blind shell ; hence 
it was concluded that for breaching purposes the direct action (quick) 
fuse was to be preferred. 

D. A. Fuze — This fuze has now been introduced into the service ; used 
in the nose of a shell, its action is not so quick as to burst the shell 
before a fair amount of penetration has been attained. f It rarely fails 
to act on direct impact, but cannot be depended on to act on graze, 
when fired at angles of elevation under 10°. It is the percussion fuze 
almost exclusively used for common shell in the siege train at the 
present time. 

Relative effects of Gunpowder and Guncotton Bursters, — It cannot be 
said that the relative efiicacy of these two explosives when employed 
as shell bursters has as yet been determined. 

In the experiments under consideration only common cast-iron 
shells were provided, consequently the wet guncotton discs had to be 
granulated and pressed by hand into the shell with a wooden drift. 

♦ Maximum effective angles of descent. 6*3" Howitser, about 20°; 6'6" and 
8-inch ditto, considerably in excess of 20^. 

t The amount of penetration to point of burst is naturally dependent on the 
striking velocity of the shell and the hardness of material fired at. 
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The result was that a charge of only from one-half to one- third the 
weight of the powder burster could be got into the shell, and what 
gnucotton was inserted was too full of air spaces to enable it to be 
properly detonated. The further disadvantage arose in the range 
being affected by the lightness of the shells so filled. Notwithstanding 
these drawbacks, however, in the only instance where a direct com- 
parison could be instituted, the guncotton manifestly produced the best 
effect. 

The subject of shell bursters is now engaging special attention and 
it is probable that considerable light will ere long be thrown on this 
question. 

Main Breaching Experiments, 

In future sieges the artillery of the attack will often be called 
upon to form breaohes under conditions of considerable diflioulty, con- 
sequent upon the more general adoption of a system of narrow deep 
ditches with low well covered escarps and detached walls. In many 
cases it may be necessary to secure angles of descent for the projectiles 
up to 20** or even more, and the experiments now under consideration 
were carried out to ascertain whether high angles of descent could be 
secured from our rifled howitzers at long ranges, in conjunction with a 
reasonable amount of accuracy and striking velocity. 

Breaching by * Demolition.* — It is evident that in long range curved 
fire the only practicable method of destroying a concealed wall is by 
means of fire generally distributed over the portion intended to be 
breached; this system has, moreover, the advantage of causing the 
masonry to be well broken up, and, hence, it combines with the earth 
and the parapet, to form a practicable slope. 

In the First Experiment (see Plate 1.) fire was opened at a range of 
1,C00 yards, from two sunken batteries, armed respectively with 8'' 
R.M.L. howitzers of 70 cwt. and 66" R.M.L. howitzers of 
36 cwt. (2 howitzers in each battery). The fire was directed against 
the connterarched portion of the main revetment, with the object of 
forming two practicabliB breaches, each battery acting quite indepen- 
dently of the other. 

It was so arranged that each breach should be made half in concrete 
and half in brickwork, so as to obtain an insight into the comparative 
value of these two materials for resisting shell fire. 

The height of the wall was 18', and its thickness at the cordon 
4' 1^". At the lowest calculated point of impact (10' below the 
csordon) the thickness was as follows, viz. : concrete 3' 9", brickwork 
C 3". The crown of the counterarches was 4' 3" below the cordon. 
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The crest of the glacis was 4' above the top of the wall. 
Width of ditch (crest of glacis to cordon) measared at right anglcfi 
to the face of revetment, 43'. 

The conditions of fire, which was obliqae in both cases, were as 
follows, viz : 

8" ITowitzcrs, 
Horizontal angle of line of fire with face of wall 54° 3(y. 
Projectile common shell 180 lbs. with D.A* fuze. 
Bursting charge 14 lbs. (nearly). 
Angle of decent U** 18'. 
Striking velocity 679 f.s. 

6'6'^ Howitzers, 

Horizontal angle of line of fire with face of wall 60°. 

Projectile, common shell, 100 lbs., with D.A. faze. 

Bursting charge 5 lb. 8 oz. 

Anglo of descent 14° 12'. 

Striking velocity 547 f.s. 

The firing was carried out in this, and in the subsequent experiment-s, 
under service conditions, i.e., the officers directing the fire had to rely 
on their own observations for applying corrections. It is true that 
they had an observing party, with which they were in telephonic com- 
munication, in a splinter proof 200 yards short of the glacis, but this 
point was situated so low down, that it was soon found their observa- 
tions were less trustworthy than those taken from the batteries. 

OhsejuatioHs of the Effects of Fire. 

It will perhaps be interesting to offer here a few remarks regarding 
the facilities that were found to exist for observing the effects of 
fire. 

1. In the first place owing to the large size of the shells, and the 
low velocity at which they travelled, they could easily be seen 
throughout their whole flight with the aid of a field glass. 

2. The flash of the burst of those that struck the glacis could plainly 
be perceived. 

3. In the case of those that struck the parapet the flash was not 
BO clearly seen, but more material was moved. 

4. When the shell struck the wall high up, the strongly illuminated 
smoke was, towards dusk, rather apt to be mistaken for the flash itself, 
but fragment-s of masonry could generally be seen hurled into the air 
indicating an effective hit. 
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5. Those thai stmok the wall low dowa showed no flash : only a 
flattened out clond of smoke accompanied by fragments of masonry. 

6. The width of the breach conld be fairly estimated by the 
amount of material that slid down from the parapet. 

It is worthy of note that the weather was clear, fine, and nearly 
calm. Subsequent experiments have proved that, in squally weather, 
the efiiciency of howitzer fire, especially at high angles, is very largely 
impaired. 

After 112 rounds had been fired from the 8'' howitzers a practicable 
breach, 36 feet wide at the neck, was formed, and 35 per cent of the 
shells fired had taken effect on the wall. The distribution of the rounds 
was as follows : 

On wall 39 

Oil parapet 33 

On glacis 29 

Under 6 



Over 



r> 



Total 112 



It took 300 rounds from the G'C howitzer to form a practicable 
breach 30 feet wide at the neck, and only 24 per cent, of the shells 
fired took effect on the wall ; the distribution of rounds was as follows : 
On wall 72 



On parapet 
On glacis 
Under . 
Over 



99 
103 

8 
18 

Total :l00 



The rate at which it was found practicable to maintain an accurate 
fire was one round every three minutes from each howitzer (whether 
8" or 6*6") or twenty rounds an hour per piece. 

From this experiment it is seen that the heavier piece does the 
work required in from half to a third the time taken by the lighter, 
and not only so, but the actual total weight of material required to be 
moved up from the base of operationn, is greater for the latter than for 
the former.* 

Accuracy and shell power being the chief essentials for work of this 
nature, the importance of employing, whenever practicable, pieces in 
which these qualities are combined is obvious. 

• 65 cwt. more material was requirwl for the lighter howitzer than for the 
hesrier. 
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It is to be observed that, from the fact of the parapet being nude 
of shingle, which flowed down very freely as soon as the npper psii 
of the wall was destroyed, the breach became practicable at an earfiflr 
period than would have been the case had the parapet been formed of 
earth ; indeed the shingle ran down and formed an nnbroken slope 
before the arch-rings were more than partially destroyed. 

In the Second Experiment two breaches were formed in the plain 
portion of the revetment (see Plate II.), by the obliqne curved fire of 
the 6-6" inch and 8" (70 cwt.) howitzers, at ranges of 2,300 and 
2,500 yards respectively, the conditions of fire were as follows : 

6*6" Hmviizei's. 

Horizontal angle of line of fire with face of wall 54° 30'. 
Projectile, common shell, 100 lbs., with D.A.. faze.* ^ 

Bursting charge 5 lb. 8 oz. 
Angle of descent 14:^ 8'. 
Striking velocity, 666 f.s. 

8" H(mutzer8, 

Horizontal angle of line of fire with face of wall, 48^. 
Projectile, common shell, 180 lbs., with D.A. fuze.* 
Bursting charge, 14 lbs. 
Angle of descent, 12° 12'. 
Striking velocity, 742 f.s. 

The crest of the glacis was, as in the first experiment;, 4 feet above 
the cordon. 

The thickness of the wall was 6' 6" at top, and about 7' 6" at half 
way down. 

Each breach was formed half in brickwork and half in concrete. 
The result of the firing was as follows : 

8" Howitzers, — After 139 rounds from the 8" howitzers, of which 
33 per cent, took effect on the wall, had been fired, a practicable 
breach, about 30' wide at the neck was formed. 
The distribution of the rounds was — 

On wall 46 

On parapet ....... 42 

On glacis ....... 44 

Under 2 

Over 5 



Total . . 139 
6. G" Howitzers. — After 175 rounds had been fired from the C*C" 

* A few battering shells were also fired. 
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howitzers, the practice was discontinned, owing to there being no 
more common shell. The breach was only about half formed, and it 
was calcnlated that as mnch ammunition again would have to expended 
to make it practicable. 

The practice of the 6'&^ howitzer at this long range (2,300 yards) 

was far firom accurate — only 15 per cent, of the shells fired taking effect 

on the wall, although the atmospheric conditions were fairly favourable. 

The Third Experiment was breaching the detached wall with the 

6-3" howitzer, by oblique fire at 1,000 yards. 

In this case the crest of the glacis was 2' S" above the top of 
the wall, which was 13' 6" high. It was made of hard bricjks, set in 
cement, and was 2' 3" in thickness, with counterforts of 2' 3" in 
depth, and about 7' 6" apart in the clear. 

The horizontal distance between the crest of the glacis and the 
&ce of the wall was 38' 3". 

The conditions of fire were as follows : 
6-3" Hounlzer. 
Horiiontal angle of line of fire with face of wall, 60**. 
Projectile, common shell, 70 lbs., with D.A. fuze. 
Bnrsfcing charge, 7 lb. 2 oz. 
Angle of descent, 20''. 
Striking velocity, 370 f.s. 

^en 123 rounds had been fired, of which 28 per cent, hit the 
^l a gap was found to have been made in the wall 6' wide and 
' 9" high, besides which the wall was very considerably injured 
*»d shaken. 

With the small charge (1^ lbs.) used, the shells were unsteady in 
%ht, and consequently the fire was somewhat erratic ; besides which, 
^ the fact of there being no work behind the wall on which to 
^ the point of impact, considerable difficulty was experienced in 
^^'^tly estimating the results obtained. 

^t is to be observed that, owing to the detached and sunken posi- 

^ of walls of this nature, no indications are afforded to the battery 

®^the effect of the fire ; and, moreover, as the demolition proceeds many 

**ell8 will be wasted by passing through gaps already formed in the 

^^niy. 

l^he distribution of the rounds fired was as follows : 

Under and on glacis ...... 40 

Hit wall .34 

Through gaps and over ...... 49 

Total. . .... 123 
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Coiidnsioiis. 

From the experience gained in these experiments it was dedool 
tliat the howitzers of the siege train may be snccessfiilly emplojil] 
for breaching concealed revetments by curved fire up to the napl 
specified below, viz : ™" 

6-3" R.M.L. howitzer .... 1,600 yards. 

e-Q" „ , 2,300 „ 

8" „ „ (70cwt.) . . 2,800 „ 

It must however be borne in mind that as the range increaaes » 
does the accuracy of fire, and power of making correct obserratKWi 
decrease. 

The great eflicacy of the * reverse ' system of laying was thorongUj 
established in these experiments. 

With regard to the relative value of concrete and brickwork as i 

material for escarps and detached walls, the conclasion arrived at wa», 

that concrete should only be employed for foundations and for sudi 

walls, or parts of walls, as are not likely to be exposed to breaching 

fire. 

The Committee attached great importance to the employment of 

powerful pieces of large shell poiver for siege purposes, and advocated 

the introduction of * jointed * pieces for use in cases where difficultieB, 

in the way of transport, might otherwise prevent such powerfol 

ordnance being placed in position. 

The result of these experiments showed that curved fire could Ix 

successfally employed for breaching at ranges which had hitherto beei 

considered prohibitive, on account of the excessive expenditure of am 

munition which it had been thought would be found to be necessary ii 

order to attain the reqnired result. 

Captite Balloons. 

In these experiments trial was made of captive balloons with th 
^ew of ascertaining their value as a means of taking observations. 

The balloons used were skilfally worked by Capta.in Templer an 
by Captain Elsdale, R.E., assisted by a body of trained sappers. 

The trials made showed that a captive balloon in calm weathc 
affords a favourable post of observation ; owing, however, to the man 
drawbacks attending their employment, the Committee refrained froi 
recommending their introduction into siege train equipment. 

The disadvantages referred to may be stated to be as follows : 

1. The fact that they can only be used in calm weather. 

2. The difficulty of obtaining gas and filling them. 



3. Extra transport required, and the diflBculty of bringing them to 
the required point of observation. 

4. The fact that, even when constructed to carry only one man, 
they offer so large a target for the enemy's fire that they conld only 
be used at long distances from the object to be observed. 

In order to ascertain how far captive balloons are liable to be 
injured by shrapnel fire, two rounds wore fired from the 13-pr. 
R.M.L. field gun at a balloon anchored at a height of about 850 feet 
and at a range ascertained by the Watkin range finder to be 1,950 
Turds. The size of the balloon was : height, 42 feet ; greatest dia- 
meter, 33 feet. 

The first round was estimated to burst 30, and the second 50 yards 
abort. The result was that 5G holes (some of them large rents) were 
Bttde in the balloon, which slowly sunk to the ground. 

It is almost needless to say that had there been anyone in the car 
it would have come down much faster. 

It was intended to have carried out a similar trial at 4,000 yards, 
Iwit a squall of wind blew the balloon down on to the sea and burst it ; 
■0 the trial never came off. Having regard, however, to the large 
nie of target ofiered by balloons, it is reasonable to infer that even 
it this distance they would not long remain uninjured if exposed to 
the shrapnel fire of accurate rifled pieces. 

It would have been both interesting and instructive if opportunity 
had been afforded, in the late campaign in Egypt, of trying a captive 
halloon. Such countries (in which the atmosphere is generally still 
tod clear) afford, of course, special facilities for their employment. 

It would appear that captive balloons might be employed with 
marked advantage by the defenders of any place undergoing a state of 
»ege. In such a case, many of the objections urged against their 
introdaction into siege train equipment would not apply, and the 
•dyaniages that would accrue to the defenders from possessing the 
'^^•ans of gaining information respecting the concealed operations of 
^ aasailants are too obvious to need comment. 
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EXPERIMENTS CARRIED OUT IN 1881, 



tNDKR THR 



ORDNANCE COMMITTEE AT DUNGENESS. 



The object of these experiments was to ascertain the penetration 
and disruptive effect of shells fired from heavy and siege gnns 
into concrete, earth, and sand. As the size of the target was small, 
and the amount of ammunition limited, it was decided to carry out 
the experiments at such short ranges as would enable each shot to 
be planted in the desired position on the work fired at. 

Experiments against a Concretk Butt. 

The dimensions of this butt, which was built by contract and com- 
pleted in June, 1879, were as follows : — 

Length 39 feet, height 12 feet, thickess 31 feet. 

The concrete was composed of 6 parts shingle, 1 part sand, 1 part 
Portland cement. 

Weight per cubic foot, 138 lbs. 

The Dungeness butt may be considered a fair average example of 
concrete made of rounded shingle. 

It is, however, woHhy of remark, that the material in the interior 
was more full of air spaces, and consequently weaker than on the 
outside. In the case of concrete composed of smooth water-worn 
stones it would seem necessary, in order to fill the interstices, to use a 
larger proportion of sand than is considered requisite for concrete 
made with broken stones. 

The concrete was laid and rammed in layers, from 9 to 12 inches 
thick. The want of cohesion between the layers, which was evident 
from the first, may be, in a measure, referred to the fact that they 
were not keyed together, and were consequently more easily disturbed, 
than would have been the case had this precaution been taken. 

The concrete butt was fired at, from the land side, by the 10" 
R.M.L. gun of 18 tons, and the G" B.L. gun of 80cwt., at a range 
of 145 yards, and from the seaside by the G*6" R.M L. gun, at a 
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of 41 yards ; the line of fire was at right angles to the face of 
butt in each case. 

The following Tables show the charges used, striking velocity, &c, 
the guns fired at the concrete bntt. 

GUKS FIRED AT CoNCRETB BuTT. 



Ordnance 


Charge 
Ibfi. 


Weight of 

projectile 

lbs. 


Velocity F. 8. 


striking 

Energy 

£.t. 


Range 




Muzslo 


striking 


10"R.M.L. 18 tons 

6" B.L. 80 cwt. 
W B M.L. 70 cwt 


95. P« 
34. P. 
25. P. 


408 

80 

100 


1446 
1944 
1509 


1424 
1893 
1497 


5738 
1989 
1555 


145 yards 

145 yards 

41 yards 



BuBSTiNO Charoks uf Shbi.ls. 



Nature of SheU 


10" B.U.L. 


6" B.L. 


6-«" R.M.L. 


CommoQ 
Palliser 


20 lb. 4 oz. 
71b. 


5 1b. 
1 lb. 9 oz. 


5 lb. 8 oz. 
2 lb. 1 oz. 



Maximum Prnetratiuns. 



Ordnaooe 


FteUiiwr SheU 


Common Shell 




10* R.M.L. 18 tons 

6" B.L. 80 cwt. 
6-6''B.M.L.7Ccwt. 


ir 

12' 7" 


13' 10" 
10' 9" 
8' 5" 





N. B. — The shells fired for penetration were weighted and plugged. 

The following conclusions were drawn at the end of the trials for 
penetration into concrete. 

1. The Palliser shells generally attained to a somewhat higher 
penetration than the common shells. 

2. The majority of the shells of all natnrcs on entering the batt, 
exhibited a tendency to tarn to the right ; a few went in straight, and 
one or two tamed slightly to the left. It was observed that a sharp 
tarn had a marked ofibct in diminishing penetration. 
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(3) PalUser Shell. — None of the Palliser Bbells fired from injrf 
the ^ns broke up, nor when filled with powder did they bur&i, om 
of the 6" B.L. Palliser shells penetrated 12' 7'', rebounded S', ul 
entered the side of its tunnel. 

(4) 10'' Common Shell. — Common shells were fired from the 10^' 
gun, both weighted and plugged, and filled, but no fuze ; in neither cm 
did they break up or burst. 

(5) 6" Common Shell. — The common shell fired, weighted, and 
plugged, from the 6'' B.L. gun did not break up ; this is veiy 
remarkable as the striking velocity was close on 1,900 f.s., and whai 
is equally curious is that one shell after penetrating lO' 9" into 
the butt rebounded clean out of it. The bush and plug had been 
driven into the nose of the shell. 

The common shells that were fired from the same gun filled, but no 
fuze, burst in the butt from the heat generated from impact. 

6'6" Common Shell. — Of the two common shells fired from the 6*6^ 
R.M.L. gun weighted and plugged, one broke up, and one did not; an 
examination of the fragments of the shell that broke up led to tho 
conclusion that it was a somewhat defective casting. 

The common shell fired filled, but no fuze, did not burst or break 
up. 

It is worthy of note that the projectiles entering at high velocitf 
made tunnels through the concrete of considerably larger area than 
their own cross section ; thus a 6" shell would form a tunnel aboat 
1' in diameter, and completely pulverize the hard flint stones of th6 
concrete throughout the whole of the tunnel so made. The higher 
the velocity the more was this eff'ect observable. 

It might aptly be compared to a torpedo boat travelling ai great 
speed, carrying a lofty wave off each bow. This wide distribution of 
force must naturally bn'ng the projectiles to rest sooner than would be 
the case if the resistance was confined to their sectional area. 

It may be interesting to here observe that in recent penetratioii 
experiments earned out at Shoeburyncss, with Palliser shell fired from 
the 80-ton gun at a range of 200 yards at concrete made of broken 
granite, the shell penetrated a distance of 34 feet, forming a tunnel 
about 2' 3" in diameter. The disturbing and destructive effect on 
the structure were very great. 

The shell weighed 1,700 lbs., the charge used was 450 lbs, of 
prism powder, and the striking velocity about 1,586 f.s. 
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EZPEKIUENTS IT CONCRETE BUTT WITH COMMON ShELL FILLED AND 

FUZED. 

Mean Penetrations. — The following Table gives the mean penetration 
of the shells fazed with qaick fazes to the point of burst. 



f- 

Ordnftnce 


Mean penetration to point 
of borst 


Remarks 


10' R.MX. Gun 

6" BX. Gun 
6-6" B.M.L. Gun 


8' 9" 
6' 9" 


All fuzed with the 
direct actior, percus- 
sion (quick) tuze 



It is observable that owing to the high striking velocities, the shells, 
although fazed with a quick action fuze, attained to considerable pene- 
tration before bursting, and were thus enabled to produce large results. 

The powerful shells of the 10'' gun, filled with 20 lb. 4 oz. of 
powder, were enormously destructive, not only forming large craters 
from 10 to 14 feet in diameter but starting and shaking the material 
over great distances and throwing down the concrete in masses. 

Delay-cuUion Fuzes. — Two common shells were fired from the 6' 6" 
gun filled and fuzed with delay-action fuzes. One was observed to 
give about a half second's delay, with the other no delay was observed, 
bat as they both attained to the same penetration (7' 9^"), it is 
reasonable to suppose that there actually was a short delay in each case, 
and that both shells reached extreme penetration, especially as the 
plugged shell from this piece entered about the same distance. 

The shells with delay-action fuze fired from this gun wrought less 
destruction than those with quick fuzes, which may be accounted for 
by the fact of the shells only holding a small bursting charge, 5 lb. 8 ozs., 
so that when the penetration reaches a certain point they act as an 
onderoharged mine. ^ ><>iv 

From this experiment it was evident that the commc^ shell is by 
far the most efiective projective to employ for the destruction of con- 
crete ; in penetration (if used with a ' delay-action ' fuze) it is not 
much inferior to the Palliser shell, and its far larger bursting charge 
enables it to produce very considerably increased destructive effects, 
especially with the higher calibres. 

That quick-action fuzes are to be preferred to those with delayed 
action, as the former are not so quick but that the shell gets fairly in, 
and does good work, whereas with a delay fuze the shell may enter so 
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far as to be anable to move the sarroanding mass of concrete. Thisii 
especially the case with shells of small or medium calibre. 

There however seems no reason to doubt that the powerful shell of 
the 10'' gun would act cfiectively at greater penetration than i 
quick fuze allows of, and would consequently, with a fuze giving small 
delay secure even larger results than those exhibited in this experi- 
ment. 



Experiments at Earth and Sand Butt. 

"Penetration — The earth and sand butt was of the following dimen- 
sions, viz : — 

Frontage 84 feet exclosive of slopes. 

Depth from front to rear 48 feet exclusive of slopes. 

Height 8 feet (see plate III., Fig. 1). 

The earth may be described as a rough loamy clay with a fair 
sprinkling of chalk, stones, and brickbats. 

The sand was remarkably pure and free from stones or any extra- 
neous matter. 

The following pieces were employed in this experiment, and 
plugged projectiles of the natures noted were fired at a range of 195 
yards : — 

10'' R.M.L Gun of 18 tons Palliser and Common 

f)'' R.B.L. Gun of 80 cwt Ditto diUo 

6-6" R.M.L. Gun of 70 cwt Ditto ditto 

8" R.M.L. Howitzer Gun of 70 c^i Common only 

6-6" R.M.L. HowJUer Gun of 36 cwt. ... Ditto 

Owing to the small height of the bntt the whole of the shells 
fired from the 10" gan rose out of it, with the exception of one 
common shell fired at earth, which was found at 34' 6" penetra- 
tion ; it had turned off to the right, and entered the shingle portion 
of the butt. 
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The following Table shows the mean penetration : — 



Ordiuuice 


Skdldnff 
Velocity 

f.B. 




PcoetxaUon 




PalliMT 


Qommon 


Barth 


Sand 


Earth 


Sand 


KKGnn 


1410 


All rose on 


t of butt 


34' 6"* 


All rose out of butt 


6" Gun 


1876 


All broke up 


12' 3 J" 


All broke up 


All broke up 


6-d" G«o 


1452 


W* 


Not found 


14' 6"* 


ir* 


8" Howr. 


921 


Kone 


ared 


19 '6" 


13' 


je-e" Howr 

1 


841 


None 


fired 


16' 


13 9"* 



Some very remarkable resnlts were obtained in this practice, 
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1. All the projectiles fired from the t>" B.L. gan broke up on 
impact, with the exception of the Palliser shell fired into sand ; 
whereas similar projectileH fired from the same piece, nnder almost 
exactly the same conditions as regards striking velocity, into solid 
concrete, did not break np. 

2. It was observed, wherever the means existed for comparing 
resnlts, that the penetration into sand was considerably less than 
into earth. In the latter material the penetration wonld vary with 
the quality of the soil, and be considerably influenced by the extent 
to which it was saturated ; whereas in sand the penetration might bo 
expected to be more constant. 

3. The displacement of material from the impact of shells striking 
with high velocity, and which did not break np, was also much greater 
in earth than in sand. 

In the case of plugged howitzer shells striking with low velocity, 
the effect on either material was insignificant. 

4. All bat one of the projectiles fired into sand had tamed com- 
pletely roand, whereas none of those fired into earth had tamed more 
than half round, except one 10" shell, which had left the earth and 
entered the fine shingle portion of the parapet. This greater ten- 
dency to turn round in sand has doubtless an influence in restricting 
penetration. 

♦ One round. 

C 
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5. The 6'6'\ gnn and howitzer fired the same projectiles, vii., 
shells of 100 lbs. weight, and as the striking velocity of the former, 
(1452 f.s.) was considerably in excess of that of the latter (841 f^) 
it was but reasonable to expect greater penetration from the gan thsn 
from the howitzer shell ; but the contrary was the case, apparently 
I.e., the howitzer shells were found further in the butt. This resnlt 
is, however, it is believed, to be attributed to the fact of 68 rounds 
of fillod and fuzed shell having been fired into the butt between the 
penetration trials of the two pieces named ; consequently projecUies 
already in the butt may have been considerably disturbed by the 
bursting shells. 

6. The penetration of the 6" B.L. Palliser shells into sand (12' 3^") 
was curiously small considering their high striking velocity (1875. f.s.). 



Trials for Disruptive Effect. 

The same pieces fired, filled, and fuzed shells for disruptive effect, 
as were used in the penetration trials, viz. : 10", 6", 6'6^' gnns, 
and 8" and 6'6'^ howitzers. 

For these trials the butt was reduced to a thickness of 30 feet ex- 
clusive of slopes ; the projectiles used against it were filled common 
shells with quick fuzes, except in one series, when common shells 
with delay-action fuzes were fired from the 8" howitzer. 

The following Table gives the striking velocities, bursting charges, 
and amount of earth or sand displaced by the rounds fired from each 
piece. 

The sections through the parapet give a good idea of the effects 
produced. (Plate IV.) 
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From these experiments it appeared that — 

1. Parapets of sand exhibit a higher degree of resistance to shell 
fire than those of earth, both the penetration into, and the dispersion 
of, the materia] being less in the former than in the latter case. 

2. Shells of small oapacity, whether striking with high velocitj or 
not, are comparatively but feeble instruments for the destraction of 
earth works ; whereas, per contra, shells of large capacity are very 
effective even when their striking velocity is low. 

3. The fact that velocity is a far less important factor than shell 
power, points to the advisability of employing howitaers in preference 
to gnns for work of this nature ; the advantages of large shell power, 
compared with weight of piece, belonging especially to howitzers. 

4. The action of the experimental delay-action fazes was very 
uncertain. A comparison of the series with * delay * fazes fi-om the 
8" howitzer, with a similar series from the same piece with * quick ' 
fuzes, tends to show that the destruction of earthen parapets is more 
rapidly and completely effected with the latter than with the former. 
In the case of shells with ' delay ' fuzes, unless ihe angle of impact is 
very considerable, the shell is apt to scoop up and get clear of the 
parapet before bursting. This would bo the case with all impinging 
on the superior slope, except when fired at high angles of elevation, 
and of those that strike the exterior slope, the first will probably enter 
well and effect a large displacement of earth from the hearl of the 
parapet,* in the rounds immediately following the shells if striking 
about the same spot will probably burst in or near tho former crater, 
and add but little to tho effect already produced. 

As soon as tho partially-demolished parapet falls into easy slopes, 
the angles of impact of subsequent shell will bo too small to enable 
them to penetrate, and they will consequently rise, burst cloar of the 
parapet, and pi-oduco but little effect. 

It would therefore appear doubtful whether, even if a thoronglily 
good delay fuze be secured for the service, shells so fuzed could be 
employed with advantage for the destruction of earthworks, except in 
the solo instance of high angle fire for tho destruction of overhead 
cover, when it is a desideratum that shells should burst at extreme 
penetration. 

It is possible that good results might bo secured by a combined 
fire of shells, some with quick, and some with delay fuzes, each natare 
being used according to the requirements of the case for purposes of 
broaching earthworks. 

* Shells thiit acted in the manner indicated, moved au immense quantity of earth 
far more than any single shell with quick fuse did. 
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Although a longer delay is requisite to enable the full effect to be 
got out of shells that strike with Icno velocity than is required for 
those striking with high velocity, still, in no case, as a matter of fact, 
is more than a short delay either necessary or desirable. 

5. The highly destructive effects produced by the powerful shells 
of the 10'' gun would appear to indicate the importance of mount- 
ing a few heavy and accurate pieces, of large shell power, in a few 
Belect«d positions on the land fronts of fortifications, provided efficient 
means could be secured for their protection. 

6. It is noticeable that there was no very marked difference between 
the effects produced by the ten rounds of plugged shell and the ten 
rounds of filled and fazed shell fired from the 6" B.L. gun, owing 
to the whole of the shells, in both cases, breaking up on impact. 
Those that had powder in them had somewhat the best of it, as the 
powder did ignite and produce a certain amount of explosive force 
though only to a very limited extent. 

Caking of Powder in Shells. — An opportunity was afforded during 
these experiments of examining a blind filled common shell, which 
had been fired from the IC gun at the earthen parapet. 

On removing the base plug, and cutting away the serge bag, it 
was found that the bursting charge had been set back with such force 
into the base of the shell as to have become transformed (in that por- 
tion next the base) into so hard a ma^s, that even after having had 
water standing on it for a quarter of an houi , it resisted a sharp pointed 
knife like a piece of slate. It is curious, that the bursting charge did 
not set forward into the nose of the shell on impact, and only to be 
accounted for on the supposition that the shell was brought compara- 
tively slowly to rest in loose earth. 

The faze (direct action) had acted, and it is probably owing to the 
fact of the bursting charge not having set forward on impact, and to 
there consequently being a considerable air space between the highly 
compre&sed burster and the faze, that the flash of the latter had not 
sufficient power to pierce the serge bag in which the bursting charge 
was confined. 

Effect of Common Shell fired from TTigh VehrJtij Onus of medium 
calibre. — Before these experiments .were canned out, it was urged by 
some that the high velocity guns of medium shell power, such as the 
6" B.L., would prove more effective for the destruction of earth 
works than low velocity pieces of large shell power, such as the 8" 
howitzer ; the idea being that with the former pieces the parapet would 
be cut through in long grooves from the top downwards, and if the 
shells could maintain their original coui'se after impact, it is quite 
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likely that this result might be secored ; but the fact is, that a shell 
with a flat trajectory, striking high up on the exterior slope, is, unless 
it quickly bursts, deflected upwards, and can consequently do bat com- 
paratively little work throagh the medium of the energy. 

It is almost needless to remark that those that strike on the supe- 
rior slope have only a grazing eflect. 

If, on the other hand, the shells are planted low down in the 
parapet, they are smothered to a great extent, or in other words, have 
not the power to' throw the superincumbent mass of earth clear away, 
and what earth they do lift, to a great extent falls back again.* 

It is true that in the experiments under consideration the high 
velocity gun was heavily handicapped, from the fact of all its shells 
breaking up on impact, when although the powder ignited there was 
no power of burst. 

There are also two other things that tell against the high velocity 
gun, and they are these : — 

1. As long as shell L.G. powder is used for bursting charges it will 
become more or less caked into a solid mass in the shell from the shock 
of firing, and the higher the velocity the more does the bursting charge 
become so caked, and consequently the greater the loss of explosive 
power. This is of course assuming that a sufficiently strong shell is 
secured to withstand the shock of impact without breaking up, for 
should the shell break up the condition of the bursting charge can 
hardly influence the result to an appreciable extent. 

2. The shells with flat trajectory will always have a far greater 
tendency to scoop up ont of the parapet than those fired from how- 
itzers, and this will especially tend to detract fi-om their effect when 
the disturbed earth of the parapet begins to fall into easy slopes. 

We have, at present, no data to enable us to state at what angles 
of impact, on ordinary earth works, shells will enter fairly into the 
work, instead of scooping up. On water we know that they will not 
ricochet when the angle of descent is as high as 11^ or 12®, and it 
would be interesting to have similar information regarding their 
behaviour on earthen slopes. 

One great advantage that high velocity guns have over howitzers 
except at short ranges, is their superior accuracy, especially under un- 
favourable atmospheric conditions. At long ranges in squally weather 
this has an enormous influence on the pt^rceutage of hits obtainable by 
the two classes of pieces respectively. 

The idea that heavy earthworks are almost indestructible by 

* The height of the parapet and the amount of * shell-power ' largely influences 
this question. 
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artillery fire can no longer be entertained. We have seen how the 
18- ton gnn cnt through a parapet 30 feet thick, exclusive of slopes, in 
two rounds, and the 8" howitzer did the same in 7 or 8 rounds ; it is 
therefore perfectly evident that no earthwork can for long withstand 
the fire of powerful shell pieces, provided the following three essentials 
to effectivo fire are existent, viz. : 

1. The means of accurately observing the point of impact so as to 
be able to correct the laying. 

2. An accurate shooting piece. 

3. Large shell power. 

Earth Works of Coast Defences. — In the case of the earthworks of 
coast defences it may be observed that they will always have this in 
their favour, viz. : That they are only liable to be fired at by ships 
which, although possessed of heavy ordnance of large shell power, 
must always labour under the following disadvantages ; viz. : 

1. Difficulty as to range, especially when the vessels are on the 
move. 

2. Obscuration from smoke. 

3. The difficulty, not to say impossibility, when several guns are 
firing at the same time, of any one in charge of a gun ascertaining the 
point and impact of his own shot. 

4. The fact of the gons being fired from a moving platform. 
Consequently the two first essentials (accuracy of observation and 

of fire) can only exist to a very limited extent, and what shells do take 
effect will be scattered about over the works instead of hitting con- 
secutively on the same spot, and hence the concentration of effect 
essential for breaching will be wanting. 

I should not have referred to the subject of coast defence here had 
I not thought that it would prove of interest in connection with its 
bearing on the recent naval action with the forts at Alexandria. 
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EXPERIMENTS CARRIED OUT AT LYDD, 



UNDER THE 



ORDNANCE COMMIITEE TN 1882. 



The main object of the experiments carried oat at Lydd, in 1882, 
nnder the Ordnance Committee, was to gain information on the 
following points, viz. : — 

Fire at Service Ennge.9, 

1. The efficacy of high angle common and shrapnel shell fire of 
howitzers, when employed for searching effect, from batteries of the 
Ist and 2nd artillery positions against an enemy's materiel and pev" 
8onnel respectively. 

2. The relative efficacy of the common shell fire of the various 
siege train pieces, using maximum charges, at low angles, when 
employed for breaching visible earthworks, from batteries of the 1st 
and 2nd Artillery positions. 

3. The efficacy of the high angle common shell fire of the different 
siege train howitzers when employed for the destruction of the over- 
head cover of field magazines and blindages. 

4. The relative penetration into earth of similar projectiles with 
varying velocities. 

5. The most efficient means of anchoring siege carriages. 

6. The suitability for service purposes of certain trail planks and 
wheel plates. 

The following targetfl were provided for these experinientnS, viz. : — 

1. A two-gun sunken battery of modem type, with a screen 50 
yards in front. " 

2. An earthen parapet 60 feet long, 9 feet high, and 30 feet thick, 
to represent a portion of the parapet of a permanent work. 

8. An expense magazine, with 5 feet of earth overhead. 
4. A blindage with 7 feet of earth overhead. 
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The ordnance employed were : — 
G" B.L. gun, Mark II., of 81 ewt. 
&6" R.M.L. gun of 70 cwt. 
6'G" „ howitzer of 36 cwt. 
6'3" „ „ 18 „ 

8" 46 

8" 70 

The fc^lowing ia &pricis of the resalts ohtained in the experi- 
ments :— 

Series 1 and 3. 

High-angle common shell of howitzers for searching effect from hat» 
teries of the Ist and 2nd artillery positions (2,400 and 1,600 yards). 

Target, — In these series the target fired at was a gnn portion in a 
screen battery : snch a work as might reasonably be expected to be 
thrown up by the besieged, under the protection of their advanced 
works of defence. The area within which searching fire of this kind 
could prove effective being so small (22' + 15'), and the accuracy 
of some of the pieces employed being far from great, especially 
at the longer range, the results secured in the way of destructive effect 
within the gun portion were naturally but small, and at the termina- 
tion of the series it was fairly evident that even under the most 
favourable conditions no large measure of success would be likely to 
attend the employment of fire of this nature, even from the most accu- 
rate of our siege train howitzers. The effects obtained were more 
marked on the parapet and traverses than in the gun portion, and the 
conclusion arrived at was, that the fire of a screened battery would be 
more rapidly silenced, and the work itself be more effectually opened 
up and demolished by the fire of howitzers, using maximum charges at 
low angles (so as to secure the greatest accuracy and destructive 
effect for their projectiles), than by a high angle fire with low charges 
from the same pieces.* 

Series 2 and 4. 

High angle shrapnel Hre of howitzers for searching effect from batteries of 
the \8i and 2nd Artillery positions (2,400 and 1,600 yards.) 

The attention of the Siege Operations Committee had been directed 
to the subject of the high angle shrapnel fire of howitzers in 1880, 

* The average dimensions of the craters formed in the earthwork by the shells in 
these series were : — 

8" howitzer Crater 4' radius, 3^' deep. 

6*6*' howitser Crater 2|' radius, 2' deep. 

The comparatiTel^ quirk action of the D. A. fuses prevented the shells attaining 
to a greater penetration, the S. V. being low. 



42 

but they were unable to carry oat any experiments of a satisfactory 
nature in this direction from the want of a suitable fuze. 

The first trials made by them were with the M.L. fuzes, baring 
loose strands of gun cotton tied round the priming ; with tbis arrange- 
ment, and portions of the rim of the gas checks filed away in grooves, 
it was thought that perhaps the fuzes would ignite, but the result was 
not a success. 

The suspending wire of the hammer of the detonator in the B.L. 
fuzes was too strong to be sheared by the comparatively feeble shock 
of discharge resulting from the use of the small charges, which it was 
necessary to use to secure the required angle of descent for the shells, 
and an idea for some time prevailed, that if the suspending wire was 
so far reduced in thickness as to shear with certainty with these small 
charges, there might be a chance of the wires shearing from the shock 
of ramming home. 

Subsequent trials, however, led to the belief that the wires might 
be reduced to -015 in thickness with safety; and the 15 seconds B.L. 
wood time fuses issued for the 1882 experiments had the hammers of 
their detonators suspended with wire of this gauge. 

The shrapnel shells were of the usual type, and contained : — 
8" howitzer, 70 cwt., 2t>0 iron sand shot, 8 to the lb. 
QQ" „ 86 „ 318 lead bullets,* 14 to the lb. 

The bui sting charges were : — 
8" howitzer shell 14 oz. F.G. powder. 
6-6" „ „ lU „ „ „ 

At the 2,400 yards range the sliells had the following angles of 
descent and velocity at the point of burst : — 

8" howitzer, angle of descent 25° S.V. 556 f.s. 

«-6" „ „ „ „ 20» „ 573 „ 

and at 1,600 jards, 

8" howitzer, angle of descent 24° S.V. 433 f.s. 

6-6" „ „ „ „ 25= „ 432 „ 

Experiments had been previously carried out to ascertain at bow 
low a velocity bullets of rather more than an ounce in weight {14 to 
the pound) might fairly be considered effective against men. 

The firing took place, with varying velocities, at 2" and 1" deal 
targets, and the following results were noted : — 

2-inch Target, 

At 520 f.s, the bullets will penetrate*. 

At 420 „ they will lodge — penetration 1'25 inches. 

* Hardened with antimony. 
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1-inek Target. 
At 364 f.B. tlie ballets will penetrato. 
At 296 „ they will lodge (very nearly ttiroagh). 

From these reanlta it naa concluded that bullets of thia weight, 
triking with a velocity even as low as 300 f.H., woald prove fairly 
ifibctive against an enemy's yeraoimel, and that with a like striking 
relooity the heavier (a onace) iron ' sand shot ' of the 8" howitzer 
ihntpnel wonld prove far more so. 

Taryefe.^The targets nsed were three rows of deal tareeta, some 
n each row 2" and Bome 1" in thickness; they were inclined at 
>0° to the horizon, so ai to sITord a fair measure of the penetration 
ittained to by the ballets. PI. HI. Fig. 1, shows the arrangement 
if the targets. 

The practice in each instance rommenced with a few ronnds of 
Mimmon shell filled and fezed with D.A. percnssion fazes, to act on 
mpact, to enable the range to be correctly obtsioed. 

It was endeavonred throughoat the practice to bnnit the shell 
:lose Dp, and so get a concentrated eO'ect on the gun pomon. 

Ab the snpply of ammunition was limited, and it was desirable to 
iscertain how far shells of this natnra were capable of proving 
effective nnder favourable condition):, the results of each round were 
«lephoned up to the battery. 

The following precis shows the resnlts obtained. No account was 
.aken of balls that strack but failed to lodge, or of splinters.^ 
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Having regard to the small area of the target fired at, these results 
may fairly be considered as very satisfactory, and had the time fazes 
exhibited greater regularity in burning, considerably larger results 
would doubtless have been secured. 

The following are the conclusions that were drawn with regard to 
these series : — 

Conclusions. — The results obtained warrant the belief that fire of 
this nature could be successfully employed against troops, co7ered by 
works, in a great variety of cases, such as :— 

(a) The keeping an already formed breach clear of an enemj*8 
working parties. 

(b) Preventing the assembly of masses of troops in rear of retrench- 
ments thrown up for the defence of a breach, and, indeed, for search- 
ing out the interior of any works unprovided with overhead cover. 

It is worthy of note that high angle shrapnel fire may be main- 
tained upon a work about to be assaulted, almost up to the moment 
that the assaulting columns reach the counterscarp of the ditch, and 
had fire of this nature been brought to bear on the formidable earth- 
works at Plevna, it is more than probable that it would have exercised 
a most important influence in favour of the assailants. 

Series 5. 

High angle common shell fire of howitzers from the 1st AriUUry 
posiiiony 2,4?00 yards, for the Destruction of the Overhead Cover of Field 
Magazines and Blindages, 

The following were the pieces employed in this series, and the 
angles of descent and striking velocities were as stated against each, 
respectively : — 



Howitzers 


Angle of Descent 


Striking Velocity, f.8, 

1 


6-6" howitzer .... 
8" howitzer, 70 cwt, 
8" howiteep, 46 cwt. . 


32° 
32° 
333° 


477 
486 

407 

1 



Targets — Field Magazine. — In the covering mass of earth, instead 
of there being, as usual, only one magazine, two were constructed to 
double the chance of getting hits directly overhead. The timbers over 
one magazine consisted of one layer of oak, 12' x 12" x 12", and over 
the other, of two layers of fir, 12' x 10" x 10". The earth overhead 
was 5 feet deep in the centre of the mass. 
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Blindagc-^Oue layer of fir, 12' x 10" x 10", with seven feet of earth 
1 it, constitated the overhead cover of the blindage. 

30 roonds of filled common shell with D.A. percussion fazes were 
red from each of the three howitzers, with the following results : — 

The 8" howitzer of 70 cwt. struck the magazine six times in 
rounds = 30 per cent. 

The 8" howitzer of 46 cwt. struck the blindage four times in 30 
Dcinds = 13 per cent. 

The 6'6" howitzer struck the magazine 11 times in 30 rounds = 
6^ per cent. 

Inaccuracy of high-angle Howitzer Fire in squally weafJier. — Besides 
he above, the 8" howitzer of 70 cwt. fired 10 rounds at the magazine 
ritbont hitting it; this practice, however, was carried out iu a bad 
ght, and altogether under such unfavourable atmospheric conditions, 
hat it cannot be taken as a fair criterion of the shooting of the piece. 

Penetration of Shells, — The penetration of the shells which took 
ffect varied from 3' to 3' 6", and although all the shells burst, the 
ulj damage done was the displacement of a considerable amount of 
be earth, the breaking through of several capsills in the magazines, and 
be partial disturbance of the layer of beams in the roof of the blindage. 

It is worthy of note that no two shells hit on exactly the same 
poi ; had this occurred, it is most probable that the overhead beams 
f the magazine would have been penetrated by the shock of impact, 
3llowed by the burst of the shell, as in the centre of the previously. 
jrmed craters the depth of earth remaining over the beams was only 
rem 1' 6" to 2'. 

The quick action of the fuzes prevented the shells (on account of 
he low velocity with which they struck) from entering deeper before 
bursting. 

The following are the conclusions which were drawn on the termi- 
lation of the series : — 

Conclusions. — ^With regard to fire of this nature directed against 
larticalar objects, it appears that to prove efiective the following con- 
litions are required. 

1. The position of the object fired at must bo ascertainable either 
rom the battery, or from some selected post in communication thoro- 
rith, and from which the efibcts of the fire could be observed. 

2. Pieces of considerable accuracy and shell power must bo em- 
Jojed. 

3. A favourable state of the atmosphere. 
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With respect to 1. It would rarely occnr on service that this essen- 
tial condition coald be secured. Magazines especially, would always 
be so placed as to be screened from the direct view of the enemy.* 

With regard to 2. It would appear that the 8" howitzer of 70 cwt, 
and the 6'6'* howitzer, are the pieces in the present siege train best 
adapted for this nature of fire. 

In rough and gusty weather, when velocities are low and times of 
flight long, the range and accuracy become so much affected that the 
fire necessarily becomes ineffective. This was practically demonstrated 
in this series. 



Series 6. 

Relative efficacy of the common shell fire of the various Siege train 
pieces using maximum charges at Imo angles, when employed for Breaching 
visible Earthworks from Batteries of the Isi Artillery position. Range 
2,400 yards — 20 rounds filled common shell, V,A. fuze from ea^^h piece. 



The following Table shows the pieces employed, bursting charges 
of Shell, &c., &c. 



Ordnance 


Charge 


Wgt. 

of 
Shell 

lbs. 


Buroting 
Charge 


Angle 

of 
Descent 


Striking 
Velocity 


No. of 

EfffK'tiTe 

Hits 


Earth 
displaced 


Remarks 




lbs. 


lbs. 


o 






onbio yds. 




6"RL.gun 


42. P.« 


100 


H 


H 


1286 


6 


1413 




6-6"B.M.L. 


26. P. 


100 


6k 


5h 


982 


5 


9-2 




gun 


















6 6"R.M.L. 


5 


100 


bh 


13 


700 


2 


Insig- 




howitzer 


R.L.G.» 












nificAnt 




8" R.M.L. 


lU 


180 


14 


9 


800 


6 


176 




how., 70cwt 


R.L.&.' 
















8" R.M.L. 


H4 


186 


15 


16J^ 


696 





Insig- 




how., 46cwt. 


R.L.a.^ 












nificant 




6-3" R.M.L. 


4 


70 


7 


16^ 


592 


1 


Bo. 




howitzer 


R.L.G.' 

















From the results obtained in this Series it became evident: — 

1 That when the object fired at is ill defined and at a great distance, 
it is far preferable to lay * reverse ' by moans of French's sights than to 
lay * forward ' in the ordinary way. In the former case a constant line 
can be easily maintained, the object laid on being clearly defined uid 

♦ This being the case, what they do require, in the way of overhead cover, is 
more protection against chance shells than such a thickness of overhead corar as 
would enable them to withstand a continuous bombardment. 
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nnobstrncted by smoke or mirage ; and as regards elevation, the fact of 
its being given by the quadrant* excludes peraonal error, which is so 
apt to interfere with ' forward ' laying, especially if the sights ai*e 
coarse (as they were with the 6" D.L. gun) and the object laid on 
is hard to see. 

6 " B.L, Gun. — This may be held to account for only six effective 
hits being scored by this piece, the accuracy of which is well known, 
and certainly snfi&cient, under favourable conditions, to secure better 
results eyen at this long range. 

2. That, at such long ranges, the 8" howitzer of 46 cwt. (no 
longer in the siege train) and the 6*3'^ howitzer are not possessed 
of sufficient accuracy to enable their fire to be effective, while that of 
the 6*6" howitzer is only so in a very moderate degree. 

3. That even at 2,4(K) yards the 8" 70 cwt. howitzer was able 
to secure larger effects in breaching the earth work than either of the 
guns employed, owing to its fairly accurate shooting and large shell 
power. 

4. It could not be definitely decided whether the shells fired from 
the 6" B.L. gun broke up or not, but the idea prevailed that a pro- 
portion of them certainly did so. 



Series 7. 

ItehjUive efficacy of the common shell fire of the various Siege Train 
pieees, using maximum charges at Una angles, when employed far Breach' 
ing visible earthworks from Batteries of the 2nd Artillery position — range 
1,200 yards — 20 rounds filled common shell D,A, fuze from each piece. 

The same pieces were employed in this series as in Series G, and 
with similar charges and projectiles. 

The subjoined Table shows the angles of descent, striking 
velocity, Ac. 



Ordnance 


Angle 

of 
Descent 

7* 


striking 
Velocity 


No. of 

Effective 

Hits 

16 


EAiih 
displaced 

260 


Remarks 


6" B.L. gnn 


1652 


Shell all bruke np. 


6-6" R.M.L. gon 


2 


1139 


13 


22-6 




6-6" R.M.L. howitaer 


6i 


763 


8 


26-6 


Very broad crater ; hence 
lai^e displacemenb of 
earth. 


8" IUI.L 70-cwt. 


4 


876 


17 


460 


Through in 7 rounds, 6 of 


howitaer 










which were effective. 


8" B.MJL 46-cwt. 


7t 


653 


9 


20-6 




howiuer 












6*3" B.M.L. howitzer 


7 


665 


15 


180 





* If •leTBtion in * reverse ' laying is given by the sights, it is always obtained 
4MI a well defined nuurk or object. 
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In this seiies it is worthy of remark that : 

At this comparatively shorfc range all the pieces employed may be 
considered eflTective for breaching visible earthworks, bat the 8" 
howitzer of 70 cwt. is far more so than any of the other pieces. The 
fact of the parapet (30 feet thick, exclusive of slopes) being breached 
in six effective rounds, shows the great disruptive power of the shells 
thrown by this piece, and warrants the belief that no exposed earth- 
work could for long withstand their fire at this range. 

Much larger results would doubtless have been secured by the 
&' B.L. gun had not all the shell broken up on impact. 

The 8'' howitzer of 46 cwt. produced less than half the effect of 
the 8" howitzer of 70 cwt., owing to its far inferior accuracy. 



Series 8. 

Penetration of similar projectiles with varying velocities into an earthmi 
parapet. Range 1,200 yards. 

It is worthy of note that, iu this scries, the three pieces etaployod 
all fired common shell of the same weight aud had approximately th« 
same calibre. The C6" gun aud GG" howitzer take the same pro- 
jectiles. 

The following Table shows the pieces employed, angles of descent, 
striking velocity, &c, &c. 



OxdDAnce 


Cliarge 


WKt. of 

plugged 

shell 


Angle 

of 

descent 


Striking 
▼ekwity 

f.8. 


Meu FMMtnaiMi 


6" B.L. gun II. 


42 1b. P» 


Ibii. 
100 


1552 


Shell all broke up 


6-6" R.M.L. gon 


26 „ P 


100 


2® 


1139 


on impact. 
18 65' 


6*6" R.M.L. howitzer 


6 „ R.L.G.2 


100 


5i° 


763 


14.26' 


6-6"R.M.L.howiUer 


2 „ R.Ii.G.« 


100 


I60 


482 


90' 



In this series the main points to bo noted are : 

1. That the whole of the plugged common shell fired from the 
6" B.L. gun broke up in the butt at a striking velocity of 1,552 f.s. 

2. That, even with so small an angle of descent as 2°, none of the 
five common shell fired from the G'i>" R.M.L. gun which hit the 
exterior slope rose out of the butt, although tho striking velocity wag 
as high as 1,180 f.s. Had the parapet been o^ sand instead of clay, 
some, if not all, of these shells would, in all probability, have scooped 
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np and risen ont of the bait ; because sand offers v^ery considerably 
greater resistance to penetration than earth or damp clay, and the 
greater resistance to penetration the greater the tendency of the pro- 
jectiles to be deflected upwards. 

3. That all the howitzer shells which hit the exterior slope entered 
the butt and remained there, as did also one shell ont of three which 
struck the superior slope at an angle of descent of IG®. 

GENERAL SUMMARY OF RESULTS. 

At the termination of these experiments it was evident that a 
great deal of light had been thrown on many phases of siege artillery 
fire, regarding which little or nothing had previonsly been known in 
this country ; for instance : 

Series 1 and 3. (1.) The very small results obtainable by the high 
angle common shell fire of our howitzers, if directed against areas of 
very limited extent, was made apparent. 

Series 2 and 4. (2.) That important results are likely to be secured 
by ibe employment of the high angle shrapnel shell fire of howitzers, 
under a variety of conditions, was fairly conclusive. 

Series 5. (3.) The comparative inefficacy of the high angle fire of 
kowitsers, with common shell, and ' quick-action ' fuzes, for the 
destmction of earthen overhead cover (owing to the very limited 
penetration of the projectiles at the point of burst), was clearly demon- 
strated. 

Series 6 and 7. (4.) Relative efficacy of our various Siege Train 
pieces when employed for breaching visible earthworks. 

In these series, the fact that only the most powerful and accurate 
pieces of the siege train could be profitably employed at the long 
ranges, at which the batteries of the Ist Artillery positions would, in 
all probability, have to be established, was clearly brought to light ; 
as was also the complete unsuitability of cast-iron common shells for 
guns of high velocity, from the breaking up of tbo projectiles on 
impact. 

The results obtained in the series referred to also warrant the 
belief that powerful shell pieces, made in separate parts for con. 
venienoe of transport, could with advantage be introduced into the 
Siego Train. 

Series 8. (5). — The information gained in the penetration trials 
was valoable not only as showing the penetration of similar projectiles 
with TEiying velocities in clay parapets, but also as a means of 
shedding some small light on the question as to the angles at which 
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projectiles will impinge oil, aad eDtor, slopes of .that material withoni 
scooping np or ricocbetiing. 

These trials clearly showed that much larger effects might be 
prodaced in high angle fire, directed against earthen overhead oover, 
with shells haying delay-action fnzes, than when qniek fuses are 
employed, as they evidenced the fact that the shells in the fire directed 
against the magazine and blhidage had not nearly attained to 
maximnm penetration at the point of bnrst. 

(6). Considerable experience was gained with reg^ard to : — 

(a) The best means of securely anchoring the varions descriptionB 

of siege carriages. 
(h) The trail planks and wheel plates submitted for trial, 
(c) The various sights and fittings of the pieces employed in the 

experiments. 

It is, however, unnecessary in a short precis of this natnve to 
enter in these details. 

N.B. — The whole of the works fired at were made of clay ; had 
they been made of a sandy loam they would doubtless have exhibited 
considerably higher powers of resistance. 

Full descriptions of anchorages will be found in the Para, of 
' Changes in Material,' quoted below : 

Howitzers Para. 4430, dated 1st March 1884. 

6-6" R.M.L. Gun on H.P. carriage „ 4668, „ 1st Nov. 1884. 

The anchorage for the 6" steel B.L. gun on steel lattice-gpider 
carriage is the same as that of howitzers, except that to keep the tie- 
rod from rising a beam is placed over it just inside the interior dof^ 
of the gun-portion. 
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EXPERIMENTS CARRIED OUT AT LYDD, 



TTKDBB THS 



ORDNANCE COMMrTTEE IN 1883. 



As the report on these experiments is not yet issued, I am nnable 
to apeak as folly with regard to them as I should otherwise have been 
enabled to do ; bnt from the fact of my having been present at the 
experiments, I am in a position to afford some information on the 
snbject. 

The following were the main points sought to be determined : — 

(a) The relative efficacy of the guns and howitzers of the siege 
train when employed to dismount or silence the guns of a fortress by 
frontal or enfilade fire. 

(h) Tha destructive efiect of steel common shell, with compressed 
gmipowder bursting charges fired from high velocity guns. 

(e) The searching effect of high angle shi*apuel fire with im- 
proved time fuzes. 

(cQ The efficacy for the destruction of earthen overhead cover 
and tlie high angle fire of howitzers with common shell and time 
fuzea, bored long (to imitate the action of delay percussion fuzes). 

(a) The searching effect of shrapnel shell fired at high angles with 
low charges, and the destructive effect of common f-hell fired at low 
angles with ordinary charges ; the observations for the correction of 
fire being conducted, as far as possible, to represent the conditions 
practicable on service. 

Targets, 
The following targets were provided : — 

1 An earthen sunken 2-gun battery of modern type, with shingle 
screen, 50 yards in front. 

2. An earthem parapet GO' long, 9' high, and 30' thick, to repre- 
sent a portion of the parapet of a permanent work. 

3. An expense magasine with 5' of earth overhead. 

4. An earthen parapet 9' thick, with two traverses each 30' thick 
at the bottom, and 20^ at the top, and three guu portions to represent 

D2 
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the face of a salient strongly traversed, with a view to protection 
against enfilade fire (see Plate Y.) 

5. Wooden dnmmies to represent guns on overbank carriages. 
6' wooden dnmmies to represent detachments 6'x6'x2'' wooden 
targets, and 6' x 3' x 1" ditto, ditto. 

Ordnance. 

6" B.L. gnns of 81 cwt. (Mark II.) on naval carriage and slide. 
6" B.L. (wire) Armstrong siege gnn of 60 cwt. on H.P. carriage. 
5" B.L. gun on O.B. carriage, with hydraulic buffer. 
6*6" B.M.L. gun of 70 cwt. on H P. carriage. 
8" „ howitzer of 70 cwt. on traveUing carriage, with 

hydraulic buffer. 
6'6" „ „ on travelling carriage, with hydraulic buffer. 

6*3" „ „ (wire-jointed Armstrong) on travelling 

carriage. 



9» 
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First Seeibs. — 1st Aetillbrt Position. 

In order to test the relative efficacy of the gnns and howitzers of 
the siege train, when employed to dismount or silence the guns of a 
fortress, by frontal fire at 2,400 yards range, the following pieces were 
employed. The targets being dummy overbank guns with detachments 
behind an earthen parapet 30' thick exclusive of slopes. 

Table of Ordnance employed in Series 1. 



Ordnance 


Charge 


Weight 

of filled 

Shell 


Bursting 
Ohaii^ 


DeeoeDt 


StriUag 
Vetodtjr 


6" B.L. Armstrong Wire Ghin, of 

60 cwt, on H.P. carriage 
6" B.L. Gun, on O.B. carriage 

6-6" R.M.L. Gun, H.P. carriage . 

8" R.M.L. Howitzer, tray. 

carriage 
6-6" R.M.L. Howitzer, trav. 

carriage 


lbs. 
26. P.> 

16. P. 

26. P. 

1 li R.L.G.' 

6 R.L.G.' 


Ibe. 
80 

60 

100 

180 

100 


Ibe. 
6 

H 
14 

H 


O i 

4 86 
4 16 
6 38 
9 12 
13 12 


1060 

1070 

982 

809 

700 



It appeared on consideration that the most effective means of dis- 
monnting or silencing gnns mounted on overbank, or disappearing 
carriages, at snch a long range (nearly 1^ miles) would be to breach 
tho parapet covering the gnns. This effected > the dismoontiDg of the 
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guns and destmction of their carriages would speedily follow, and, 
farihermore, the gun portions would be rendered untenable, and ex- 
ceedingly difficult to repair. 

The other alternative is to endeavour to dismount the guns by 
bitting them direct ; brief consideration will show that there are many 
objections to this plan. In the first place i a gun end on, is at such a 
distance hardly visible, and presents a remarkably small target. 

Secondly y unless hit direct, by the projectile itself, on the muzzle or 
on one of the trunnions it is not likely to be dismounted. Splinters 
cannot be expected to prove eflTective in this respect, though it is 
of course possible that a very heavy fragment, such as the base of a 
shell, might knock off a trunnion. 

Thirdly J in fire of this nature all the shots that pass over, or on either 
side of the gun fired at, are absolutely thrown away, and those that 
graze on the superior slope do but little harm to the work. 

Fourthly^ even if dismounted the chances are that the besieged 
would, ere long, replace it by a gun from their reserve, or from one of 
the fronts not threatened, which they would hardly attempt if the gun 
portion had been opened up. 

It almost needless to remark that with guns mounted on the 
disappearing principle, and which are only visible and exposed during 
the short time they are in the firing position, the reasons for preferring 
the former method (breaching the parapet) apply with special force. 

In the series under consideration twenty rounds of filled common 
shell with D.A. percussion fuzes wore fired from each piece, with the 
view of breaching the parapet immediately in front of the guns which 
it was sought to dismount, and the following results were obtained : — 

Series 1. — Table showing pieces arranged in order of accuracy. 



OrdnADoe 


Percentage of Hits obtained 


6* B.L. Armstzong Wire Gun . 

• 

6" B.L. Gun 

8" BJIL. Howitzer .... 

6-6" K.M.L. Gun 

6-6" R.M.L. Howit4Mr .... 


76 per cent, 
72 „ 
47 „ 
41 ,. 
25 „ 



The very marked superiority, in respect of accuracy, of the latest 
type of B.L. high velocity gun over the R.M.L. gun of older type, is 
broQght prominently out in this series, as is also the superior practice 
of the 8'' compared with that of the Q'Q" R.M.L. howitzer. 
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The foUowiDg Table shows the pieces arranged in order of effects 
produced. 

Series l.-^Table of effects prodnced in Scries 1. 



Ordnance 


Barth diflplaced 


Bemarki 


8' R.M.L. Howitzer 

6 B.L. ArmBtroDg Gun . 

6' B.L. Gun .... 

6-6" R.M.L. Gnn . 

6-6" R.M.L. Howitzer . 


cubic jrords 
56 

138 

8-6 

Vide remarks 

Do. 


Parapet nearly cut through. 

1 

Effect mneh distnbnted orer ; 

parapet 
Effect insignificant. 



The value of large shell power for the destruction of earthworks 
is in this series made very apparent ; it is, however, believed that a 
proportion of the shells from the high velocity guns broke up on 
impact, which would in a measure account for the comparatively 
small amount of earth they displaced. 

3rd Series. — 2nd Artillery Position. 

This series was carried out with the same object in view as the 
1st Series, viz., to dismount or silence an enemy's guns by frontal fire, 
but at the comparatively short range of 1 ,200 yards ; in this aeries, 
however, the target was an earthen sunken 2-gun battery, with a 
shingle screen fifty yards in front ; dummy overbank guns, with gun 
detachments being placed in the gun portions attacked. 

It might not infrequently happen that the batteries of this nature 
would be thrown up by the defenders under cover of their advanced 
works, or between detached forts, and in attacking them, the only 
feasible method (unless the screen could be cut down by shell fire), 
would be to endeavour to demolish the work itself, as the exact 
position of individual guns would be concealed from view. 

It was suggested by Colonel R. J. Hay, R.A. (now D.A.G., B.A., 
H.Gds.),the President of the Sub- Committee of theOrdnanceComHuttee 
charged with the carrying out of these experiments, that the fighting 
capabilities of batteries might be increased by the establishment of 
anchorages in the traverses, and the laying of platforms in the rear of 
the same, so as to give an alternative positon for the pieces with 
which the battery was armed ; and that this would be so does not 
admit of doubt, for when the parapets in front of the gun portions 
proper were wrecked, the guns from them could be retired to the 
positions in rear of the traverses. 
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In the case where the original armament of the battery had been 
:mt *' bora da combat " by the enemy's fire other pieces might be 
ought from behind the trayerscs, and the fighting power of the 
>attery be thaa largely prolonged. 

Series 8. — The following Table shows the pieces employed, striking 
relocity, i&o., Ac, 

Table of Oi*d nance employed in Series 3. 



Ordnftuce 


Charge 


Weight 

of filled 

BbeU 


Banting 
Charge 


Angle 

of 
Deioent 


1 
Strildiig* 
Velocity 


Bemarks 


6 6" RM.L. Oun 

6*6'' HM.L, fiowiUer 

6-8" R.M.L. Jointed 
howitzer 


lbs. 
16. P. 

25. P. 

5BX.G.« 

7 RL.O. 


lbs. 
50 

100 

100 

64 


Ibe. 
5J 

7 


o / 

1 30 

2 5 
5 30 

No record 


ia4i 

1139 
763 


1 

. Rviga 
1,200 jds. 

< 



Twenty ronnds of filled common shell, with D.A. percussion fnzo, 
^ere fired from each piece, and the following results were obtained : — 

Table .of effects produced in Series 3. 



Ordnanc* 


Barth 
displaced 


Remarki 


6" B.L. Gun .... 
6 6' BM.h. Gun . 
6-6" R.M.L. Bowitser . 
6-8* BJLlu Jmnted Howitser 


eubicyds. 
7-5 

10-4 

7-5 

12-75 


Several shells broke up on impact. 

Just through parapet; dismounted 

dummy gun. 
Dismounted dummy gun. 

Effect widely distributed. 



With fBgard to this series, it is worthy of note that : — 

-b" MJL, ffun, — 1. Nearly all the shells fired from the b" B.L. 
^n were antteady in flight, and hence the fire of the gnn was 
lefioient in accaracy. It is supposed that this was caused by some 
lefect in the rotating rings of the shells. 

The few shells that hit, and burst properly, produced very fair 
esnlts. 

6-6" BM.L. hounizer.—2. The 66" R.M.L. howitzer exhibited a 
rant of accuracy as regards range which largely detracted from the 
eaolts. 



6-3" jointed howitzer. — The 63" jointed howitzer was cnriously iD»c- 
cnrate in line, consequently, although the shells fired from this piece 
moved a considerable amonnt of earth, the effect was too widely 
distribnted for the parapet to be breached. 

Oeneral r«mar<t«.^-4. It may be stated generally, that the cast- 
iron common shellii of pieces of the calibres employed do not contain 
snfficieDtly powerfal bnrstia^ charges to aecare large resnlU, wheo 
employed for breaching earthworks, even at so comparatively short a 
range as 1,200 yards, when, of conrse, a large percenti^ of bits is 
obtained. 

Series 2 and 4. 

With regu^ to Series 2 and 4, which were carried out with the 
view of ascertaining the relative efficacy of the gnns and bowitiera 
of the siege train when employed to dismount or silence the gnna of 
a fortress by enfilade fire at ranges of 2,400 and 1,200 yards respec- 
tively, it is as well to observe that the time and mnans at disposal did 
not admit of the constmotion of realty formidable traversed works for 
target batteries, and the only material available was clay of a soft 
plastic nature, to a great extent saturated with moisture, and there- 
fore ill adapted to resist shell fire. 

The traverses of the elevated target battery, which were of the 
same height as the parapet (d*), were 30' thick on the ground line, 
SO* thick at top, and revetted with gabions, as shown in the subjoined 
diagram. 

Section tbrodgh Tb*tbb3K. 



The gun portions were 15' in breadth, and contained dammy 
guns and detachments, the guns being, in some caaeB, amutged to 
represent guns on hydro-pneumatic carnages rising into the firing 
position, and in others similar pieces in the loading position. 

The following Tables show the pieces employed in each aeries, 
with the angle of descent, and striking velocity of their projectilea. 
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Table of Ordnance employed in Series 2. 



Ordnance 


Charge 


Angle 

of 
descent 


Striking 
Velocity 

f.B. 


Bemarka 


6" B.L. Armstrong Wire Gun 
6-6'' RM.L. Gun . 
8" R M.T,. HoSntzer . 
6 6" R.M.L. HowiUpr . 


lb. 
26. P.« 

26. P. 

Hi. R.L.G.* 

6. R.L.G.* 


6«»38' 

9« 12' 

13° 12' 


1060 
982 
809 
700 


1 

>-Range 2,400 yds. 



Table of Ordnance employed in Series 4. 



Ordnance 



Cliarge 



S" RM.L. Howitzer . 
6*6'' RM.L. Howitzer . 



lb. 
11 J. R.L.G.« 

6. R.L.G.' 



6-3" R.M.L. Jointed HowiUer 7. R.L.G. 



Angle 
descent 


Striking 
Velocity 

f.B. 


4« 0' 


876 


6° 30' 


763 


3** 60' 


867 



Remarks 



-Range 1,200 yds 



Twenty rounds of filled common shell, with * qnick-aciion ' per- 
suasion fazes, were fired from each piece in each series. 

The following conclasions were drawn at the termination of these 
wo series : 

1. Relative efficacy of guns and howitzers in enfilade fire. — The 
mrved fire of howitzers has natnrally a marked advantage over the 
lat trajectory fire of guns in respect of * searching effect ' ; but at the 
ame time, unless the traverses are higher'^ than the parapet (over 
vhich the pieces, forming the armament of the face enfiladed have to 
ire), it was evident that such pieces would be speedily dismounted 
>j the fire of giMs^ which, would presumably, be only employed for 
rarposea of enfilade at long ranges, when their trajectory becomes 
onsiderably curved. 

The superior accuracy of the fire of guns, over that of howitzers, 
t long ranges, is an argument to be urged in favour of the employ- 
nent of the former nature of piece under these conditions. 

* Objection might be taken to such a form of construction on a face liable to be 
ttacked frontally, as affording, at all times, a clear indication of the position of each 

lace. 
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2. For the demolition of heavy traverses large shell-power is ft 
desideratam, indicating the employment of howitzers. 

3. Howitzer shells which hit on the saperior slope of the parapei, 
or on the top of traverses, attain to more penetration and are ocmse- 
qnently more effective than the grazing shells of flat trajectory pieces 
of the same calibre which impinge on similar places. 

With regard to the howitzers employed in these aeries the foUowiog 
conclusions were drawn : — 

8'' B.M.L. howitzer. — The shell power and accuracy at 1,200 yards, 
of this piece are such, that the guns on any face enfiladed by it, 
would, unless very specially protected, be speedily silenced ; and tke 
same remark applies, though to a considerably less extent, to t)ie 
lighter howitzers employed, the chief points noticeable in the practice 
with which appear to have been : — 

(a) 6*3'' B.M.L. jointed howitzer, — The want of acouraoj in Une 
exhibited by the 6*3 inch jointed howitzer. 

{b) 6'6'' B.M.L. howitzer. — The variations in range in the practice 
with the 66 inch howitzer. 

It is to be hoped that opportunity will ere long be affbrded of 
gaining further information with regard to the best means of aeCDring 
protection against oblique and enfilade fire. There would appear to 
be no reason to doubt that the breadth of the gun portion might in 
many cases well be reduced and more cover be thus gained for the 
guns.* 

How far traverses might, with advantage, be increased in thicrfniess 
and in height is a question I do not feel competent to ofEer An opinion 
upon, but much would necessarily depend on local circumatanoes. 

Series 5. — Trial op Steel Shells. 

The following are the objects sought to be attained by the em- 
ployment of steel, instead of cast iron, as the material for common 
shells : — 

1. To secure a projectile of such strength as not to break up on 
impact when fired from high velocity guns at such objects as common 
shells are used against. 

2. To procure larger capacity for the bursting change, while retain- 
ing the same weight for the filled projectile. 

This second condition is rendered possible, owing to the superior 

strength of steel (as compared with cast iron), enabling a yerj oon* 

siderable reduction to be made in the thickness of the shell, without 

an undue sacrifice of strength. It must, however, be borne in mind 

* The minimum dimensiooB that could, without inconvenience, be adopted, would 
have to be decided by a series of practical trials ; this yet remains to be clone. 



that by 80 doing we materially increase the length of the projectile, 
and this, if carried beyond certain limits, is apt to produce instability 
in flight and consequent loss of accuracy, as the spiral of rifling of 
most of our service pieces was calculated for projectiles of from 3 to 
3^ calibres in length only, and steel shell may be expected to i-each, 
or even exceed, 4 calibres in length. 

In the new field and medium guns now in process of manufacture 
it is, I understand, intended to giye a somewhat sharper spiral to the 
rifling, in anticipation of steel shells being, ere long, largely introduced 
into the service.* 

Compressed Powder bursting charges. 

Owing to the loss of explosive force which results from the mealing 
and caking of bursting charges of * Shell L. G.' powder, especially 
when velocities are high, trial was made, in these experiments of 
bursting charges of previously compressed powder, which not only 
enabled far more powder to be inserted in the shell, but also afforded 
the means for securing rapid and thorough ignition of the burster, by 
having it made up with a cylindrical hole through its centre from end 
to end, in the line of the axis of the shell and fuze. 

To give an idea of the extra weight of powder that can be inserted 
in a steel shell by these means, two or three examples are quoted 
below. 

Table showing comparative capacity of shells for loose and for 
compressed powder bursters : — 



DiuMter of Shell 

(SiMl) 


Lngtbln 
Calibre* 


Capacity for T/xmo 
L.Q. Powdor 


Capacity for CompKMed 
Powder 


\ 


H 

H 


Ib. oi. 
10 3 

7 12 

10 


lb. 02. 

16 
12 4 

17 8 



The following brief account of the method employed at Waltham 
Abbey in making up the compressed bursters used in the experiments 
may prove of interest : — 

Pressure 2-47 Urns. — About 2 lb. of * grain powder are placed in 
and subjected to a pressure of 5,5541b. to the square 



* A fpiTal of 1 torn in 30 calibres is generally considered sufficient to properly 
rotate s soell 4 calibres in length ; with longer projectiles a somewhat sharper spiral 
(ny 1 in 26) would probably be found nece&sary. Most of our present medium gnns 
have a spiral increasing to 1 in 35. 



60 



inch, the resalt beiDg a cylinder about 2 " high, and possessed of a 
density of IS. 

A cylindrical perforation about half an inch in diameter rans 
througli the centre of each cylinder so made. 

Moisture 1 to IS p.c, — The amount of moisture is from 1 to 1*3 per 
cent. 

Three or four of these cylinders are then placed on a spindle, 
secured in a lathe, and turned to fit the interior of the shell. 

After being sewn up in a serge bag, they are inserted in the shell 
by removing its screw base. 

If introduced into the service a suitable machine for moulding 
them into the required shape would be designed, the mode of prepara* 
tion described being merely a temporary expedient. 

The steel shells provided for the experiments may be classed under 
two heads, viz. : — 

(a) R.L. cast steel (provided by contract). 
(6) Armstrong forged steel. 

Both kinds had removable screw bases, and the Armstrong shells 
were fitted with a screwed-in point of hard steel. 

The following table shows the bursting charges, &c. : — 



Ordnauce 



6" B L. 

Gun 
6" B.L. 

Gun 
6" B.L. 

Gun 
6" B L. 

GUD 

6 3" 
Howitzer 



Nature of Shell 



ArmstroDg Forged, 

Light . 
Armstrong Forged, 

Heavy 
RL. Cast, Light . 

R.L. CHSt, Heavy . 

Armstrong Forged . 



Natore aLd Weight cf 
Burstlug Charge 



Compressed . 

Compressed . 

Compressed . 

Compressed . 

Loose Shell L.G. and 
P mixed 



lb. OS. 
16 

16 
12 4 

17 8 

12 8 



o » 



lb 
80 

100 

80 

100 
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Nature off fust 



Bate parcuaaioB 

special. 
Baso peicoMioD 

special . 
Bttse pereasioD 

•pocial . 
Base pereaasiaii 

special . 
Base percussion 

special . 



In addition to the above a few shells of forged steel, with their bases 
welded on, were furnished for the 6" B.L. Armstrong wire gun ; these 
were 6 red (filled with loose L.Q. shell powder in the usual way), and 
with percussion fuzes in the point. 

Fuzes {special). — The following special (or ejperimental) fuzes 
were used in the experiments. 
1. R.L. base percussion. 
((i) Quick action. 
(h) Delay action. 
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Tbese fazes were screwed into base of the shell from the ontside 
in the nsnal waj. 

2. Armstrong base percassion ; qaick action. 

These fazes were screwed into the base of the shell from the inside 
before closing the shell ; an nndesirable arrangement for several 
reasons. 

Preliminary Bounds, — A few preliminary rounds were fired at an 
earthen parapet before regalarly entering apon the experiments in 
order to gain, if possible, some information with regard to the fazes 
which it would be desirable to sapplj, and the following conclusions 
were drawn : — 

Conclusions drawn at termination of preliminary rounds. — I. It 
appeared evident that a quick-action percussion fuse in the base of a 
shell, where it is in immediate contact with the powder at the moment 
of impact, causes a much more instantaneous burst than a D.A. 
percassion fuze in the nose of a shell ; in the latter case there is doubt- 
less, when ordinary powder bursters are used, a considerable air space 
(from the powder having set back on firing) between the fuze and the 
serge bag, and consequently a small but appreciable interval of time 
elapses between impact and burst, which admits of the shell attaining 
to greater penetration before bursting than when base fuses are used. 
Whether this difference would be equally marked in the case of D.A. 
fuzes in the nose of shells having compressed bursting charges 
remains yet to be proved. At any rate, it was manifest that with shells 
having quick-action base percussion fuzes, and compressed powder 
bursters, the barst was so instantaneous ou graze or impact as, in the 
former case, to blacken the scoop in which the shell grazed, and in the 
latter to burst the shell before it had penetrated more than, if as much 
as, its own length. The consequence was that the powerful effect of 
the bursters was almost entirely neutralised, and generally the only 
result obtained was a flake of earth blown away from the surface of 
the parapet. 

2. That the compressed powder burster is capable of exerting 
great explosive force was evidenced in one round, fired with an Arm. 
strong forged steel shell (light pattern) containing 16 lbs. of powder. 
In this case the shell, from some unexplained cause, did penetrate six 
feet before bursting, and displaced over 600 cubic feet (22 cubic yards) 
of earth. As, however, nearly all the shells burst on the surface, it 
appeared desirable to use a fuse of somewhat slower action, or with a 
dighi delay, to enable the power of the shells about to be used in the 
main experiments, to bo fairly developed. 

3. That the B.L. heavy cast-stoel shells, which wore 4^ calibres in 
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length, were too nnsteadj in flight for accurate shooting. This maj 
have been due either to 

a — Their great length. 
h — The position of their centre of gravity. 

— The position of the rotating ring, or to a combination of these 
causes. 

At anj rate, both the rounds fired went wide of the mark, 
striking about 180 yards short. 

On the termination of the preliminary trials the main experiments 
were entered upon, fuzes with delayed action being provided for some 
of the shell. 

Series 5. — ^Main E^cpebiments with Steel Shells. 

First Trials 6" B.L. gun, 1,200 yards, — In the experiments with 
each nature of steel shell 15 rounds were fired at a clay parapet 9^ 
high and 30' thick, exclusive of slopes, at a range of 1,200 yards.* 

Stbil Shell — First Trial. 



Nature of Shell 


Bursting 
Charge 


Fuze 


striking 
Velocity. 

f.B. 


Earth 
displaced 

cub. yds. 
34 


Remarks 


Annstrong Forged 
(heavy) 


Gomprcwsed 
16 lbs. 


Base, 
Quick 


1,388 


Notthroiigfa 
by 6' 



The comparatively small effect (considering the power of the 
shell) is attributable to the extremely quick action of the fuzes, which 
prevented the shells attaining to sufficient penetration for fair results 
to be obtained. 



Sthkl Shell — Second Trial. 



Nature of Shell 


Bursting 
Charge 


Fuze 


striking 
Velocity, 


Earth 
displaced 


Beoiarka 


R. L. Cast (heavy) 


Compressed 
17^ lbs. 


R.L. 
Base 
Delay 


1,388 


Eflbct 
small 


Shell nnstettdj, 
odIj 4 hits 



* A few rounds were fired with steel shell from the 6" B.L. Armstrong Wire Gun 
at 2,400 yards, which need not here be referred to. 
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6" B.L, gnn^ 1,200 yards, — Only 4 hits were obtained in the 15 
onndsy owing to the nndteadinefiB of the shells in flighty dne, pre- 
amably, to their great length {4t^ calibres). 

Of those tiiat hit the parapet 1 (a bad and spongy casting) 
roke np, and the other 3 rose ont of the parapet and bnrst in the 
\r owing to the face giving too long delay. 



Stsbl Shell — Thibd Taial. 



Ifatiiixecf Shell 


Banting 
Charge 


Ttue 


striking 
Velocity 


Ewth 
displared 
Cub. yds. 


RevarkB 


B. L. cast (li^t) . 


Compressed 
12|lbB. 


RX. 
Base 
Delay 


1,494 


65 


Parapet 
breached 



6" B,L» gun, 1,200. — Of the 15 shells fired, 1 broke np on impact 
defective casting), 8 rose ont of the parapet and bnrst in the air 
delay too great), 6 bnrst in the parapet, moved the greater part of 
he 55 cnbio yards of earth displaced, and breached the work. 

6'3" jointed howUzer, 1,200 yards, — 16 rounds were fired at the 
Morthwork with steel shell filled with a mixture of P. and shell L.G. 
Mwder. Qaick-aotion base fnzes were used, and their action was so 
nstantaneons, that the efiect was all on the surface of the parapet. 

An attempt was made to delay the action of the bnrst by inserting 
layers of cotton cloth, steeped in a solution of saltpetre, between the 
fDze and the burster ; but although this material burnt very well in 
}he open air, it was extinguished in the shell by the pressure to which 
it was subjected by the setting back on to it of the bursting charge, 
uid consequently no satisfactory results were secured. 

In these experiments we have seen that, however powerful the 
shells may be, their efiect is liable to be almost entirely neutralised 
if used with an unsuitable fuze. The same difficulty that presented 
itself in former experiments in 1881 was again experienced with 
respect to * delay-action' fuzes ; I refer to the difficulty of securing an 
Btmount of delay suitable to the conditions of fire. 

The higher the striking velocity of a projectile the greater its 
penetration in a given period of time ; therefore when the striking 
velocity is high, only a very short delay is needful, or indeed desirable, 
because we do not want the shell to have time to rise out of the 
parapet before bursting ; moreover, the higher the velocity the flatter 
the trajectory, and hence the greater the tendency of the shell to turn 
ap on impact. 
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We see, therefore, that an amount of delay which might he yery 
Buitahle for howitzer shells, would, in all probahility, he entirely 
unsnited for shells striking with high velocity. 

The time that a shell takes to penetrate a given distance most also 
in large measure he dependent on the amount of resistance to penetra- 
tion afforded hy the material fired at ; thus soft plastic clay offers &r 
less resistance to penetration than the same material when hard, dry, 
and sunhaked. 

The only case in which comparatively long delay is desirable is in 
the instance of shells fired at high angles for the destruction of over- 
head cover when it is necessary, for good effect, that they should burst 
at extreme penetration ; and shells impinging at high angles exhibit 
no tendency to rise out of earthworks. 

It is evident that in the case of shells fired from high velocity guns 
the delay can hardly be too short ; although that some delay, or slowness 
of action in the fuze, is essential^ is fairly evidenced in these experi- 
ments, from the fact that, fSeiiling this, these powerful shells could do 
little beyond blowing a flake of earth off the surface. 

It would be interesting* to try a series of steel shells fired from 
B.L. guns with reduced charges, so as to get considerable angles of 
impact, when the tendency of the projectiles to rise out of the earth 
would be far less, and the existing difficulty, with regard to the 
securing a sufficiently short delay in the action of the fuzes, might 
hence possibly be overcome.* 

It is, of course, possible that a percussion fuze may some day be 
devised, having the means of regulating the delay with nicety, but it 
is hardly likely that any time fuze could be made to act with 
certainty within the narrow limits of time required. 

I have entered at some length into the steel shell trials, becanse I 
thought that the subject, being an entirely new one, would be likely to 
prove of considerable interest. 

Series 6. — Cast-Iron Common Shell. 

6" B,L. gunSy 1,200 yards, — Series 6 consisted of 15 rounds of 
common cast-iron shell filled with L.G. shell powder in the usual 
way, and fused with D.A. fuzes in the nose. This series was fired 
for comparison with the steel shell trials previously described. 

* It is suggested that a few rounds fired in the manner indicated with ' delay * 
fiizes would displace the greater part of the earth required to be moved to form a 
breach ; after which a few rounds at high velocity, with quick fused shells, would 
serre to dear out the partially-formed broach. 
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The following Table shows the resalts obtained : — 



N»tiu« of Shell 


Banting Charge 


Fuze 


Strfldng 
Velocity 


Barih 

difpleoed 

CnbloYds. 




CSast-lron common 


SheU L.G. 6) lbs. 


D.A. 
Quiok 


1388 


60 


Parapet breached 



Most of the shells broke up on >impftet, bat a few which did wdy 
barai at good penetration and formed large craters ; the best result 
being 201 cabic feet (aboat one-third of the greatest displacement 
observed in the steel shell trials). 

It appeared that a oast-iron shell which breaks np on impact moves 
more earth i^an ^a steel shell which bursts on the surface; on the 
other handy a cast-iron shell which bursts properlj in the work does 
far less work than a steel shell of the same calibre acting in the same 
manner. 

6'd'' jointed kowUster, — A similar series was fired from the 6*3 * 
jointed howitzer, but the results obtained wore not sufficiently great 
to call for any special remarks. 



Series 7 and 8. 

8" howitzer ^ 70 cwt.^ 6' 6" howUzer 36 cwt. 20 rounds fired from 
each piece in each series. — Series 7 and 8 were carried out in order 
to test the relative efficacy of cast-iron howitzer shrapnel of the 
usual typo andi similar steel -bodied shells ; and also to ascertain the 
increase in efficiency resulting from the- use, in this nature of fire, of 
improved time fuzes. 

The pieces- employed were the 8'' R.M.L. howitzer of 70 cwt. and 
the 6'6 " B.M.L. howitzer of 36 cwt. The range was 1,600 yards, the 
angle of descent from 25° to 26° and the remaining velocity of the 
shells at the point of burst about 470 f.s. 

Tor^sdff; — The objects fired at were 3 rows of targets arranged in a 
gun portion of a sunken screened battery in the same way as in the 
Shrapnel Experiments in 1882. PI. III. Fig. 2. 

The contents of the shells are given in the subjoined Tables. 
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Tablb of Sbsapnkl Shells. 



MAterial 


Nature of SheU 


No. and Nature of 
BnlletA 


Borsting Charge 




Cast-Hpon 
Do. 


^" howitzer 
6*6" howitzer 


260 2-oz. iron 

'sand' shot 

318 mm. bullets, 

14 to the lb. 


14 oz. F.G. 

lljoz. F.a. 




Stsel 
Do. 


8" howitzer 
6-6" howitzer 


228 2-oz. iron 

' sand * shot 

241 mm. bnllets, 

14 to the lb. 


1 lb. 14|oz. 
1 lb. 5 OS. 





The following Table gives the effect produced on the Targets. 

Effrct on Targets. 



Series 


Howitzers 


BuUets 


No. of 
Rounds 


Kaoge 


Ttiroogh 


Lodged 


Total 


Series 7, 
Cast-iron shrapnel 

Ditto 


8" 
6-6" 


129 
56 


32 
78 


161 
134 


20 
20 


1 

1,600 yards 


Series 8. 
Steel shrapnel 

Ditto 


8" 
6-6" 


220 
391 


14 
109 


234 
500 


20 
14 


• 

- 1,600 yards 



With respect to the steel shrapnel it is to be observed that their 
action is like that of a small cannon firing a charge of case shot, because 
the steel body is so strong that it does not break up on the ignition of 
the large bursting charge, and the resnlt is a very considerable accele- 
ration in the velocity of the bullets. This is doubtless an advantage, 
and it appeared moreover that they were steadier in flight (probably 
from the centre of gravity being further forward) and made better 
practice than the cast-iron shrapnel which however contain more 
bullets. 

A reference to the results obtained would certainly lead to the con- 
elusion that the steel are very superior to the cast-iron shrapnel ; but 
it must be borne in mind that the latter were fired with 15 seconds 
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wood time fnzes,* and the former with 15 seconds Armstrong metal 
time fnzee ; and the fact of the Armstrong fazes having exhibited mnoh 
the greatest regnlaritj of baming, won Id in a large measure acconnt 
for the greater nambor of hits scored by the shells fnzed with them. 

In short, it wonld be prematnre, without further trial, to pronounce 
definitely in favour of either description of shell ; especially when it 
is considered that a single shell, bursting in a favourable position, will 
eften score such a large number of hits as to entirely alter the com- 
plexion of the case. 

It is worthy of remark that the Armstrong 1 5 seconds (so called) 
metal time fuzes was found to burn only 12 seconds, full length, at 
such velocities as obtained in these trials. A longer burning fuze 
wonld, therefore, be requisite for high angle shapnel fire at ranges in 
excess of 1,700 yards. 

Series 9. 

This series was carried out to test the efficacy, for the destruction 
of the earthen overhead cover of field magazines, of the high angle 
fire of howitzers with common shell, and time fuzes bored long (to 
imitate the action of delay percussion fuzes). 

The trial was carried out with the 8" and 6'(j'' R.M.L. howitzers 
at a range of 2,400 yards ; the charges used giving angles of descent 
of from 33° to 35°, and striking velocities of about 480 f.s. 

The fuzes used were the 30 seconds wood time, with detonator and 
thin ('012 inch) suspending wire. 

They were unbored so as to burn to full length. 

It will be recollected that in the preceding year (1882) a similar 
series was carried out under the same conditions, except that D.A. 
percussion fuzes were used, with the result that the i>enetratiun of the 
shells to point of burst never exceeded 3' G". 

With shell so fuzed the practice was comparatively ineffective ; i.e., 
the magazine proved capable of resistyig the penetration of any single 
shelly and it appeared unlikely that it would be exploded unless, at 
leasts two shells were to successively impinge on exactly the same spot 
over iho magazine itself. 

In this scries the vertical penetration, of the shells with unl)ored 
time fuzes were as follows : — 8 inch howitzers, 6' 0" right down on 
to the baulks of timber forming the roof of the magazine which, 
when repaired, had had an extra 18" of earth put on, increasing 
tho amount of earth overhead from the usual 5' to 6' 6". 

. * With detonators having thin suBpending wire '0]2" gauge. 

K 2 
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6*6'' howitzers, — 6*6'' howitzers, about 4' 6'' ; t.e., such a shell 
entering over an ordinary field magazine would penetrate to within 
6'' of the overhead timbers. 

The day covering the magazine was comparatively dry and in good 
order for resisting penetration. 

The 6*6'' howitzer shells, which struck the exterior slope of the 
magazine, went 13 feet straight in to point of burst. 

The 8'' howitzer shells on bursting broke clean through into the 
magazine* and formed a huge hemispherical crater overhead right 
down to the beams. 

The craters formed by the 6*6^' howitzer shells were alsa of a 
formidable nature, and it was observed that if such a shell took effect 
over the entranoe passage, its explosion forced the overhead beams 
through the capsills, consequently they fell on the floor and blocked 
the passage ; indeed it was unsafe to try to get in or out after this had 
happened. 

This is a very important point, and one that may lead to a recon- 
sideration of the present form of structure. 

A few rounds of 8'' shell were fired at the blindage, which bad 
7' of earth overlaying a layer of fir baulks 12' x 10" X 10". 

The few shells that took effect struck on the exterior crest or slope, 
and penetrated straight in from 13' to 16'. Que passed obliquely right 
through the earth overhead and exploded the other side ; another right 
through the exterior slope, penetrated the sheeting and burst inside 
the blindage. The former went through 16' and the latter through 
13' of earth. 

These results show what a large amount of earth is required to 
keep out heavy shells, when the angle of descent at which they strike 
is sufficient to counteract the tendency to be deflected upwards, which 
exists at lower angles of impact, and also demonstrate the importanoe 
of firing shells with fuzes giving delay when the penetration of 
earthen overhead cover is the object in view. 

Series 10 and 11. 

Series 10 and 11, 1,200 yards, — These series were can*ied out to 
ascertain how far an effective fire of common and shn^nell shell 
respectively could be delivered against a battery concealed from view 
by a screen, or by an undulation of the ground, the information 
requisite to enable the laying to be corrected being obtained as 
follows: — 

For line, from a post of observation in or near the battery or line 
of fire. 

♦ The beams cut through by the exploeion were of fir, 12' x 10" x 10". 
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For range, from posts of observation thrown well forward and to a 
aank. 

In this trial it must be noted that the exact range of the battery 
and the distance of the screen in front of it were known by the officer 
condooting the fire ; and he had also the advantage of a pole set up in 
the gan portion fired at, which undoabtedlj gave him a tmer line than 
wonld have been afforded by the smoke of an enemy's guns. Farther- 
nacre, aJl the snrronndings of the work fired at were of shingle, oon- 
quently if he saw earth fly he knew he weui on the spot. 

The conclasions drawn, at the termination of the practice, which 
was feirly effective, were as follows : — 

1. It is not anticipated that much difficulty would ever be expe- 
rienced as regards ' line ' ; the point of burst of one'JB own shells on 
impact wonld generally afford more or lesft indication, over the inter- 
vening Bcreena. or undulation, and the point of burst so observed, would 
be referred to the line given by a pivotted straight-edge (or some 
similar arrangement), which had been previously aligned on the smoke 
09 -flash of the gun attacked. 

2. It was fairly apparent that the flanking parties,* if properly 
posted, would be enabled, by making use of a similar arrangement to 
thai referred to in the preceding paragraph, to obtain a close approxi- 
mation as to the distance * under ' or ' over ' of each shot. 

3. It appeared that the shrapnel had not the same trajectory as 
the common shell, but is very important that they should have, as the 
corrections for shrapnel fire are generally in large measure dependent 
on the observation of previous rounds fired with common shell. 

4. As the ' effects produced * cannot be noted, it is obvious that a 
greater expenditure of ammunition will be requisite to achieve a given 
result, thsm would be the case when this advantage can be secured 
by the assailant. 

Miscellaneous. 

Anchorages. — The anchorages, which were laid in clay by the R.E. 
all stood remarkably well. 

Plaiforms. — The platforms exhibited as much stability as they could 
reasonably be expected to do under the continuous shock of heavy firing. 

Wheel guides^ trail planks^ wlieel jilaies, — The wheel guides, trail 
planks, and wheel plates stood well, and were in every respect satis- 
factory. 

Telephones, — The Telephones worked admirably and without a hit<;h 
thronghout the experiments. 

* These parties must of course haye tlie means of signalling or telephoning the 
remit of their obserrations to the battery. 
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Vecauville railway, — The Decaaville railway, which had been sent 
from the S.M.E. Chatham, was highly approved of, and afforded great 
facilities for placing heavy pieces in position. 

Reference has elsewhere* been made to the experimental pieces that 
were under trial, as well as to the means adopted for their monntiDg, 
which were tested at the same time. 

Concluding remarks. — It is urged by some that it is nnlikely that 
this country will ever again be engaged in an important siege. That 
may be so, but at the same time, so long as we consider it expedient to 
maintain a siege train for the R.A., and to instruct our R.B. in siege 
operations, it is surely essential that the instruction should, for both 
corps, be sound and thorough. 

Theory is all very well, but nothing but extended practical expe- 
rience can ever lead to really trustworthy conclusions, hence the special 
value of experiments, such as those we have had under consideration. 

In conclusion, I feel it to be my duty to make some short re- 
ference to the very important part that has been played by the Royal 
Engineers in the experiments carried out at Dungeness and Lydd 
during the last four years. 

Time does not admit of an enumeration of the many valuable 
services that they performed, but the following are amongst the 
most important, viz. : — 

The survey of the ground. 
Tiaying out the ranges. 
> Construction and repair of the lines of rail. 
Batteries. — Target works and splinter proofs. 
The laying the required anchorages and platforms. 
The working the telephones. 
The driving the engines.t 
Photographing results of experiments. 

I need hardly say that all they undertook was carried out with the 
zeal, energy, and ability which ever distinguishes that distinguished 
corps ; and last, but not least, the genial social qualities of the officers 
shed such a warm ray of sunshine over that out of the way comer of 
the world, that I can safely say that all who had the pleasure of being 
associated with them at Lydd, will ever think of them with the 
kindliest feelings. 

* Lecture on Modem Ordnance, &c. 

f In the performance of this serrice several thousands of miles were traversed 
without aeciileut of any kind. 
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PRECIS OF EXPERIMENTS CARRIED ON BY THE 
ORDNANCE COMMITTEE AT LYDD, 



August and September ^ 1884. 



Object op ExpfiRiMENTs. 



The main object of the experiments recently carried oat at Ljdd was 
to determine : — 

1. The penetration into and effect on parallels and approaches of 
projectiles fired from ' quick firing ' (Hotchkiss) and from field and 
medium B.L. gnns. 

2. The eflect of the fire of machiiy gnns on yarions forms of 
approaches. 

3. The amount of overhead cover necessary to protect field maga- 
zines from high-angle common shell fire, when delay-fuses are used. 

4. The amount of accuracy and effect obtainable in the curved or 
high angle common shell fire of medium B.L. guns, with refiuced 
charges, against concealed revetments or earthworks. 

5. The effect of gradual exterior slopes in deflecting projectiles on 
striking earthen parapets. 

6. The relative value of bursting charges of different natures of 
powder when employed, in st^^el common shell, for the destruction of 
earthworks. 

7 The number of rounds required (with various pieces of ordnance) 
to dismount a gun, on an overbank carriage, at a range of 2,400 yards, 
by frontal fire. 

The experiments were divided into the following series ; — 
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FIRST SERIES. 
* Field and Medium Gdns at Parallels.' 





Conditions of Fire. 


, 


Ordnance 


Charge 


Angle 

of 
De«;ioent 


Striking 

Velocity 

f.s. 


Fn2e 


6" B.L. Gun, Mark U. . 


34 lb. P* 


o / 

58 


1,466 


Large percavion. 


»* If »i >» *■• • 


16 „ P. 


53 


1,520 


Small „ 


12-pr. Gun , 


4 .. P. 


1 5 


1,320 


" 



The object of this series was to ascertain the effect of the oommon 
shell fire of field and medium B.L. gans against a first parallel (as at 
present constructed) at a range of 800 yards. (Fig. 1, Plate VI.) 

6" B.L. Gun ; Shell IOOlb. ; Bdrstinq Charge, 6lb. 8oz. 

The results obtained showed that the parapet was breached bj every 
round fired from' the 6-inch B.L. gun, which hit it even when the shell 
struck close to the ground line. 

It did not appear that any of the shell broke up on impact, which 
is probably to be accounted for by the fact of the parallel being of 
comparatively slight profile and of loose material, viz., lumps of 
unrammed clay, and hence it is likely that the heavy (lOOlb.) shell 
started the whole mass in front of it on striking, and therefore never 
encountered sufficient resistance to cause the shell to break up. It 
may be as well here to observe that in previous experiments the 
majority of similar shell fired into solid 30' parapets at ranges 
up to 1,200 yards have broken up ; and, ib some cases, all baye 
done so. 

5-inch B.L. Gun ; Shell, 50lb. : Bursting Charge, 3lb. 8oz. 

The fire of the r>.inch B.L. gun, with its lighter shell and bursting 
charge, was naturally considerably less efifective than that of the 6-iDoh 
gun ; nevertheless, it was found that one round sufficed to breach the 
parallel, unless it happened to strike very near the ground line, in 
which case a second round was required. 

In order to ascertain whether these shells were liable to break np 
on impact when, as in this case, the striking velocity was 1,520 f.s., 
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several shells were fired, plugged with their charges drowned, with the 
result that all that hit the parallel low down broke np, hence it ia 
evident that the destruction of the work was due almost entirely to 
force of impact, for although the bursting charge was ignited, there 
was little or no force of burst. 

12.Pb. B.L. Gun; Steel Shell: Bdrstinq Charqk, 
Ilb. 12oz. (P. AND F.G. mixed). 

This gun was fired at the parallel to arrive at the measure of its 
power in attacking earthworks, and gave verj good results, about four 
ronnds sufficing to breach the work, unless impinging very near the 
ground line, in which case about six rounds would be required. 



SECOND SERIES. 
Peneteation Trials. 

The object of this series was to ascertain the penetration of plugged 
projectiles fired into eart.hworks. The target was a short length of 
second parallel at a range of 400 yards. (Fig. 2, Plate VI.) 

The conditions of fire were as follows : 



Ordnance 


Charge 


Angle 
Descent 


Striking 
Velocity, 

f.8. 


Hotchkiss 6-pr. Quick-firing Qud . 


1-96 lb. 


O / 

26 


1,600 


12-pr. B.L. Gun, steel shells . 


4 lb. P. 


25 


1.600 


6" B.L. Gun . . . r . . 


161b. P. 


22 


1,656 



HoTCUKiss 6-PR. Cast-iron Shell. 

The following results were obtained, 20 rounds being fired from 
each piece : — 

Maximum penetration . . . .12' 

Mean „ . . . . .10' 

7 shells broke np on impact. 

12- PR. B.L. Gun ; Steel Shell. 
Maximum penetration . . . 24'* 
Mean „ ... 17' through at ground line 

1 shell buckled and split at side. 

5.INCH B.L. GuN; Cast-iron Shell. 

Shell all broke up on impact. 

* Shell turned down under parallel. 
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THIRD SERIES. 

HoTCHKiss, Field, and 5" BL. Gdns at Second Parallel. 

In this series filled common shell were fired from the following 
pieces at a portion of second parallel, at a range of 400 jards : — 

CandiU(yii8 of Fire. 



Ordnance 


Charge 


Angle 

of 
Descent 


Striking 
TelOGitj, 

f.8. 


-■ 1 


Hotcbkiss 6-pr. Quick-firiDg Gun 


1-95 lb. 


o / 

25 


1,600 


Base percusMOD. 


12-pr. B.L. Gun, common steel 


4 lb. P. 


25 


1,500 


Small „ 


shell 










6" B.L. Gun, common shell . 


161b. P. 


22 


1.655 


>• »« 


Ho 


TCHKISS 


6.PR. 


• 





The projectiles fired from this piece were cast-iron shell contain- 
ing a 4-oz. bursting charge. 

From the small weight of bursting charge the craters formed were 
but small ; nevertheless, owing to the accuracy of the gun, and the 
high- striking velocity of its shell, the work was cut through in 15 
rounds. 

The effect of a piece of this nature is more marked when employed 
for the dispersion of small masses of earth, such as sap-heads, tlie 
' first executed ' portions of saps, <&c., than when directed against rocb 
comparatively solid works as parallels, for the speedy demolition of 
which considerable shell-power, or momentum of projectile (or the two ' 
combined) is required. 

12-PR. B.L. Gun. 

The steel shell of this gun (containing 1 lb. 12 oz. of P. and F.G. 
powder mixed) made craters of considerable size. Round 1 struck the 
parallel 3' above the ground line, penetrated 2' to point of burst, and 
formed a crater 2' in depth and 4' in diameter. 

Round 2 struck in the crater formed by the first round, deepening 
and enlarging it. 

Round 3 struck about the same place, and breached the parallel, 
blowing away one gabion of the revetment. 



5.INGH B.L. OON. 

The resTxIis obtained appeared to indicate that one ronnd taking 
abont half waj up ihe parapet was capable of breaching it 
.^flfoctoally, and that a second, striking low down in the same line, 
^vonld thoronghlj open np the work nearly down to the gronnd line. 

appeared that all of the shell broke np on impact. 



General Remarks on Series 1, 2, and 3. 

The qnestioa arises, under what circnmstanees the besieged would 
er think it worth their while to open fire on parallels ; having regard 
their great length, the comparative ease with which any damage 
inflioiedon them oould be repsured, and the uncertainty of such fire 
'pxcving • destrooiive to the troops occupying the trenches. Now, 
^though it may be conceded that ' to afford concealment from view * 
tMid strong, musketry positions are the chief offices of parallels, yet 
instances may occur in which it would certainly be desirable that tliey 
should afford eflScient protection to the troops manning them from the 
Qtfibots of suoh artillery fire as might reasonably be expected to bo 
l^roQght io bear on Ihe works of the attack. 

For instance, in the case of a sortie, the gaard of the trenches 
Woald of necessity discover their position on opening fire, and if, 
^nder such circumstances, nearly every shell taking effect on the 
parallel cut right through it, sweeping away masses of the pampet, 
^th the defenders in the rear, the effect could scarcely fail to prove 
dttastrous. 

This being the case, it becomes a question worth considering 
whether some modifications in the construction of such works could 
^ot with advantage be introduced, either by going deeper, or by pro- 
Ourlhg extra earth from a trench in front of the parallel, according to 
tlie circumstances of the case. 

Certain portions of parallels might at any rate be strengthened by 
these, or by some other means, in those situations where the troops 
holding the trenches would be the most likely to be called upon to 
tnan the works and open fire for repelling sorties, or where the parallel 
Covers an approach. 

SERIES 4, 5 AND G. 

HOTCHKISS AND FiBLD GuNS AT SaPS. 

In these series a few roands were fired from the Hotchkiss 6.pr. 
quick-firing gun, and from the 12.pr. B.L. gun, at a range of 300 yards 
at portions of : — 

Single deep sap — Double sap — Blinded sap. 
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The results obtained showed that, even with the less powerfnl 
piece, (the 6-pr. Hotchkiss) very few roauds sufficed to effectnalljr 
demolish the sap-heads, and also, in the case of the single sap, the 
* earlier-execnted * portion of the work. With regard to the blinded 
sap, the frame capsills, being exposed as soon as the sap h«3ad wa^ 
demolished, were soon cat through, leading to the fall of the overhead 
cover. 

From this it would appear that, in cases where it is considered 
advisable to blind certain portions of the approach, such blinded poridons 
should be in rear of, and protected bj, the parapets of one or mora 
traverses formed in the usual manner by changing direction. 

With the 12-pr. the effect was naturally far more rapidly destractiTe, 
and the only conclusion that could be drawn was that it would be 
impracticable to push forward sapping operations by day so long 
as fire, of the nature indicated, could be brought to bear on the 
approaches. 

It is however, reasonable to suppose that the besiegers would keep 
a certain number of accurate rifled pieces advantageously posted, with 
the special object of silencing any fire of this nature which the 
besieged might bring to bear on the works of the near approach. 

4th series (Extra.) 

Target Shallow Kneeling Sap. 

The practice in series 4 was in the original programme intended to 
be solely at a single deep sap ; but a sap roller having been received 
from Chatham, it was decided to try the effect of a few rounds of 
common shell from the 12-pr. B.L. field gun and the 6-pr. HotcbkisB 
quick-firing gun at the sap-head of a shallow kneeling sap under the 
following conditions : — 

Range, 300 yards. 

Direction of sap, inclined to line of fire at 30^. 

12.PR. B.L. Gun. 

The steel common shell fired from this piece were found to burst 
about half way through the sap roller, cutting a large hole in the 
revei*se side ; the dummies in the head of the sap were struck by the 
splinters of shell. 

The sap ixjller was not, however, displaced from its position. 

G-PR. Hotchkiss. 
The cast-iron common shell of the Hotchkiss wero found in like 
manner to burst in the sap roller without displacing it. The fragments 
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appeared to search the head of the sap thoroaghly. One 
hich was struck was displaced. 



FIFTH SERIES (Bxtba). 

*B. * Ring ' Shell Target. Sap Head of Double Sap. 

' rounds of ' ring ' shell were fired at the sap-head of a doable 

tp at 300 yards to try the efiect of these projectiles which 

3 to the old pattern segment shells. 

s found that the shell burst in the sap head with destructive 

}ting it down and sending numerous fragments and splinters 

trench. 

the same efiect would in all probability be produced by 
shell with percussion fuses. 

SEVENTH SERIES (Extra). 

1" NORDENFELT AT SHALLOW KNEELING Sap. 

;tion of shallow kneeling sap was next fired at, at a range of 
B, with the I -inch Nordenfelt machine gun. 
'' inch steel shield (Knight's) was placed next the sap roller, 
roller was pierced by the steel bullets, as were also those 
bions which were not protected by earth in front, but the 
roved effective in deflecting a projectile which struck it after 
through a filled gabion. 

rATLINO ; 1" NORDENFELT. TARGET, FlTING TrENCH WORK. 

>rt length of flying trench work was fired at, at a range of 
8, with the •45"-Gatling and 1 ''-Nordenfelt machine guns. 

Gatling. 

tiled gabions, filled gabions, and ^g" steel shields, unprotected 
ns, were fired at with the Gatling with the following results : 
!alf-fil1ed gabions, some bullets through, 
illed gabions, none through, 
bields, indented but not perfomted. 

Nordenfelt. 

ts through shield and filled gabions, except where the latter 
•toctcd by earth in front. 
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In these extra series considerable information was gained regii^ 
ing the power and destructive effect produced by the prqjectilet tm- 
ployed ; but there is no reason to donbt that the onperiority, and 
power of concentration, of fire possessed by the attack wonld enable 
the besiegers to speedily qnoll any fire of the natare indicated which 
might be brought to bear on their works. 

SERIES VII., VIII., AND IX. 
Machine Guns at Saps. 

The object of these series was to ascertain the effect of th6'fiiet>f 
machine guns on various approaches. 

The machine guns employed were the *45-inch Gratling luid tlie 
l-inch 4 barrelled Nordenfeldt at a range of 300 yards. 

The penetrative power of the *45-inch Gatling only exceeds, by 
very little, that of the Martini rifle, and the effect of its fire when 
directed against sap-heads was very slight, only quite the upper 
portion of the heap of sand bags being bore and there penetrated. 

The I -inch Nordenfeldt was far more effective as regards penetm- 
tion, but no doubt the amount of material in the sap-heads would alwajs 
be regulated by the nature of the fire to which they were exposed, and 
having regard to the large amount of protection afforded by the deep 
sap (4'-6") it is unlikely that the progress of such works would be 
arrested by the fire of machine guns. No doubt their fire would be 
annoying and more or less obstructive, dependent, in a meaanre, on 
the command over the approaches of the positions in which tho pieces 
were worked ; hence it would bo incumbent on the besiegers to take 
effective steps for keeping down fire of this nature. 

SERIES X. 
Series 10 was not carried out. 



SERIES XI. 

Thickness of earthen overhead cover necessary to protect field 
magazines from the effect of high angle fire, with common shell having 
delay-action fuses. 

Before entering upon an account of this experiment it will bo 
instructive to glance briefly at the results obtained in the Ordnance 
Committee Experiments at Lydd in 1882 and 1883. 
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In 1882 the overhei^ cover of the magaziDe waa of ordinarj con- 
/mction, as laid down in the School of Military Engineering text book, 
nd the common shell were firad at it from the 6'6 inch and 8 inch 
owiizers with direct-action (quick) fazes : 

With a striking velocity somewhat ander 500 f.s. the fozes 
dmitted of so little penetration to point of burst that the deepest 
raters were only 3 ft. 6 ins. in depth ; consequently the magazine was 
ninjured, and it became evident that unless at least two shells fell in 
accession on precisely the same spot (an improbable contingency) the 
zplosion of the magazine could not bo secured. 

In 1883, no delay-action fuzes being available, it was songht to 
mtate their action by employing unbored 30 seconds Wood time fuses 
rith detonators and thin (012'') suspending wires. 

The experiment was fairly successfal, and although some of the 
usee were driven in on impact and burst the shell immediately, others 
;aye long delay, and the conclasion arrived at was, that a field 
nagazine, as ordinarily constructed, would require some additional 
»rotectio9 to enable it to keep out shells with delay-action fases. 

In 1884 the Royal Laboratory undertook to provide two descrip- 
ionA of delay-action fuzes, one kind intended for screwing into the 
lose, and the other for insertion in the base of the shell, both kinds so 
ionstructed as to be prepared to act with the small charges used with 
loiritaers in bigh-angle €re. 

The overhead cover of the field magazine first fired at consisted of 
me layer of fir baulks, 12 ft. 10 ins. by 10 ins., strengthened with two 
Bjmrs of light single-headed iron rails (36 lb. and a few 24 lb rails) 
.nraoged at right angles to the fir baulks, which were afforded 
.dditional support by baulks placed onteide the frames, and the 
hidroegg of earth overhead waa increased from 5 to 7 ft. (Fig. 1, 
'late VII.) 

8" Howitzer; 70cwt. 

The conditions of fire were ae follows :~r- 

Range 2,400 yards. 

Projectile, filled common shell, weight 180 lb. 

Bursting charge, 14lb. (nearly) shell, L.G. powder. 

Fnze, Experimental (Nose) Delay Percussion. 

Charge, 4^ lb. R.L.G*. 

Angle of descent, 33° 12'. 

Striking velocity, 48G f.s. 
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Twenty-six rounds were fired, under very fayourable atmospbeiic 
conditions, with the following result : — 

Abnormal (error in charge) ... ... ... 1 

Under ... ... ... ... ... ... 6 

V/VCr ... ... ... ... ... a* w 

Hits (not effective) ... ... ... 4 

Hits (effective) ... ... ... ... ... 4 

Short, but partially effective, aa they moved a 
large amount of earth from the slope of the 

magazine ... ... ... ... ... 4 



Total 



... 26 



Action of the Fuzes. 

Not observed 
*Blind 
Burst without delay 
Burst with delay ... 

Total 



.. 6 

.. 1 

,. 18 

. 26 



The amount of delay which the fuzes gave appeared to be about 
half a second. 

From this abstract it will be perceived that 8 shells fell on ibe 
earthcm cover of the magazine, and four, which were just short, were 
enabled, by the delayed action of the fuzes, to get nuder the exterior 
slope and to blow away a large mass of earth. 

Of the four hits classed as ' not effective,' one blind shell penetrated 
about 18' of earth, and lodged near the overhead timbers ; had this 
shell not been blind, it would in all probability have prodnced impor- 
tant results. Two grazed the top, and only displaced a little earth, 
and the other lodged in the exterior slope, blew away a good deal of 
earth, but did no serious damage. 

The four effective rounds were Nos. 9, 20, 24, and 26. 

No. 9 hit exterior slope high up near the left flankf of the magazine, 
penetrated about 13', burst after delay, forming a crater 14^ in 
diameter, and about 1' deep. The force of the explosion blew in the 

* A slight alteration has been made in these fazes, to guard against 'blindB'in 
fntnre. 

\ The terms * right ' and ' left ' refer to the line of fire from the battery to the 
magazine. 



83 

ift end of the magazine (which was, it shoald be observed, 27' long*) 
reaking several frames, and filling that end of the magazine 
vith debris. It is hardly likely that this shell wonid have injured a 
magazine of the nsnal length (12'), but the round was instructive, as 
ndicating the largo results, in the way of earth displacement, secured 
>y the employment of these powerful shells with delay-action fuzes. 

Round 20 hit top of magazine, near exterior slope, penetrated 
8' to 20' of earth, and burst as it passed through the sheeting into 
be magazine opposite the entrance passage, the splinters cut up 
"*€ frames very greatly, and many fragments of the shell were buried 
lore than their own depth in the overhead baulks. This round 
'onld certainly have blown up the magazine. (PI. VII., Fig. 1.) 

Round 24 struck top of magazine near exterior crest, penetrated 
bout 18' and burst, blowing a large mass of earth outwards, and 
he right end of the magazine inwards. Whether this round would 
lave exploded the magazine is doubtful. 

Round 26 struck top of magazine, penetrated about 12', and burst 
m the rails of the overhead cover, broke a number of rails clean in 
wo, also five of the overhead baulks; several of the other baulks 
fere considerably injured. All the end of the magazine opposite the 
intrance was broken in overhead and filled with debris. Even if this 
ound would not have blown up the magazine, it would have rendered 
t incapable of being used, as it could not bo entered. (PI. VII., 

ng. 1.) 

From the results, so far obtained, it appeared that the penetration 
f the shells into solid, well rammed, and fairly dry clay was from 15' 
[)20'. 

If was further evident that such penetration admitted not only of 
be shells reaching the overhead cover, but also of the front side of tho 
lagazine being penetrated by those passing just short of the ovor- 
ead baulks. (PI. VII., Fig. 1.) 

In the former case the powerful bursting charge (being well 
amped with 7' of earth), suOScod to break the rails and baulks 
nd to destroy the structure, and in tho latter case the resistance 
ffered by the frames and sheeting was of course so small that tho pro- 
3ctile entered and burst inside the magazine with destructive effect. 

Furthermore, that any shell lodging in the earth mass, with a line 
f least resistance in the direction of the magazine, would blow in the 
ide, even if 6' or 7' of earth intervcnod between it and the sheeting. 

Although it may fairly be urged that magazines would always be 

*■ The magHsine whs constrncted with an extra len^h of 16 fe«^t, in order to give 
larger ares for testing the effect of tthells on the overhead cover. 

F 2 



84 



screened, and protected from the enemy's view, yet at the gftine time, 
if it be worth while to give overhead cover at all, sach cover shoald 
certainly be capable of keeping oat chance shell. 

In order to afford farther overhead protection, and to gn^ard against 
the liability to be pierced through the frotU $ide, the magazine, when re- 
constracted nnder the supervision of Lieat.- Colonel Leach, B.E., was 
made with an extra layer of fir baulks 12' by 10" by 10'' with a deahle 
layer of iron rails over them, and this extra protection was so plaoed 
in the earthen overhead cover as to intercept any shell that might 
strike near the exterior crest and take a line towards the front side of 
the magazine. Fig. 2, Plate YII., shows the arrangement of the pro- 
tecting layer of baalks and rails here referred to. 

The magazine itself was covered with one layer of oak baulks 12' bj 
12'' by 12" and a doable layer of 36 lb. rails with 7' of earth ahove 
the ground line. 

It may be as well to here observe that, unless checked in its oonis^ 
a shell striking about the exterior crest would readti the 6heeti9g after 
passing through about 20' of earth. 

When fire was opened at the reconstructed magazine 16 rounds of 
ammunition only were available, and they were of the following descrip- 
tions : — 



( A * 



B' 



C 



No. of 
Rounds 



3 



10 



Description of Shell 



Cafit-iroD common shell of service pattern ; length, 
8 calibres 

Experimental cast-iron common shell; very sharp 
pointed, their heads being struck with a radius of 
6 diameters ; length, 3*62 calibres .... 

Experimental steel common shell ; heads similar to 
pattern ' B ' ; length, 4*08 oalibres .... 



BontiBg 



lb. 01. 
13 10 



11 5 
21 11 



The * A ' service pattern shells were fired with an experimental 
nose delay-action fuze as before, and patterns * B ' and ' C * with an 
experimental base delay-action fuze. 

The other conditions of fire were the same as in the first part of 
the series. A fairly steady breeze prevailed during the practice, 
blowing nearly in the direction from the battery to the magazine. 

The practice was unusually good, inclining one to the belief that 
the six-diameter headed shell were, notwithstanding their length, 
superior as regards stability in flight to the service common shells of 
three calibres. The spiral of rifling of the 8'' howitzer increaaoB to 



85 

ne tnm in 35 calibres at tha muzzle, which is probably snfficient for 
4.calibre shell with its centre of gravity well placed, when fired 
rith this charge (4^1b.) : 

Results op Fire. 

Under 4 

Over 2 

Hit 10 

Total . .16 

N.B. — In the first practice only 8 hits were obtained ont of the 
!C Tomnds fired, and on a somewhat calmer day. 

In order to save time, a detailed account is only given of those 
onnda in which the shell struck the earth mass covering the magazine, 
md produced more or less important results. 

Round 2, pattern ' B ' cast iron shell burst after delay under the 
eft rear comer of the extra layer, broke seven rails, and displaced 
ibont ten cubic yards of earth ; interior of magazine uninjured. 

Round 5, pattern ' C ' steel shell struck centre of berm in front of 
nagazine, burst after delay, forming a very large crater. 

Round 6, pattern * C ' steel shell struck 2' above the berm on 
jrater formed by the preceding round, burst after delay in the earth 
nass apparently some five or six feet from the front frames, blew in 
>he whole of the front of the magazine, which was about one- third filled 
wiikk earth and debris ; the beam for affording additional support to the 
>verhead baulks was also blown into the magazine, and the frames 
uad sheeting broken np. (Figs. 2 and 3, PL VII.) 

Hardly any earth was disturbed externally, but on a way being 
cleared through the dSbris to examine the crater (which somewhat 
lazardous operation was performed by a corporal of the Royal 
Sngineers), it was found that an enormous crater had been formed in 
he earth mass in front of the sheeting, or rather in front of whero 
•he sheeting had been. 

This crater which was 7' deep, vertically, extended up to the 
jaalks of the extra layer which roofed it in ; its mean length was 
[(y 6", and its mean breadth 9' 6". In short, a fair sized 
ibamber had been instantaneously formed in the heart of the earth 
nass by the powerful bursting charge of the steel shell (nearly 221bs. 
>f powder). It was not at first evident where all the earth had gone 
o, as the amount thrown into the magazine (about 100 cubic feet) 
instituted only about one sixth of the cubical contents of the crater, 
>nt a careful examination clearly showed that the clay had been 
impressed laterally, the sides being very dense and hard. 
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This sbell had evidently passed under the front edge of the extra 
layer, and on exploding found a line of least resifttance into the 
magazine, which it efiectually destroyed. (Fig. 3, PI. VII.) 

Rounds 8 and 9, pattern '*.A** service cast iron shells, struck top 
earth mass and exploded on the extrn layer where it had been deprived 
of support nndemeath by the effects of round G. These shells broke 
clean through the rails and baulks, opening a way from the outside 
into the magazine. 

34 rails and a large numl)er of fir baulks were broken by these 
two rounds. 

Rounds 13 and 15 hit the exterior crest and evidently penetrated 
to a great depth, as very little smoke came out of the tunnels thfj 
made. 

They produced no effect that could be seen, but the whole msss 
of earth gave a perceptible heave upwards, when they burst after iehj. 
They only contained lllbs. 5oz8. of powder, being of '• B '* patten, 
and hence, from being deeply buried, they acted as undercharged 
mines. 

When the earth is removed the craters they doubtless formed by 
compressing the clay will probably be discovered. 

Round 16, pattern **B" cast iron shell, penetrated on to the extra 
layer, when it was fully supported, broke clean through, and burst close 
underneath, forming a large crater. 

This ended the experiment, in which the results obtained appeared 
to indicate that although the extra layer served to protect the overhead 
cover of the magazine, which apparently remained intact, it did not 
extend sufficiently far to the front to prevent a shell from penetrating 
to such a position in the earth mass that it had, on exploding, power 
to blow in the earth, in the line of least resistance which lay in the 
direction of the front side of the magazine. 

The action of the delay fuzes was exceedingly good, only one shell 
seemed to be 'blind,* and in this case it is not unlikely that this sharp- 
pointed shell, having penetrated to great depth, the earth fell in behind 
it, and thus closed the tunnel and prevented the escape of any smoke. 

Of the other 15 shells 12 burst after delay, and three on penetrating 
the extra layer of rails and baulks, without appreciable delay, ll 
seems likely that the shock of striking the rails caused the slow- 
burning composition to crack up or fall in, and hence the usnal delay 
did not take place. 



87 



rowaqe of p0v?dek in traversed recesses, below the ground 
Level, with Covrrinq Earth Mass in Front. 

Plate VIII. Recent experiments having shown that unless an 
aormons amoant of material (sach as heavy haalks and rails) be em- 
lojed to strengthen the overhead cover of Field Magazines, it is 
ifficnlt, if not impossible, to guard their contents from explosion 
which IB, indeed, liable to be effected by even a single, well.placed, 
• inch Howitzer shell with delaj-action fuze) this alternative method 
f stowing powder has been suggested, and would appear to have 
everal points in ita favour. 

The system advocated consists of the distribution of the powder in 
, number of recesses, below the ground level, protected by a covering 
arth mass in front, and isolated one from the other by solid masses of 
indisturbed earth left between them. These excavations should 
latnrally be as deep as circumstances would admit of, so as to obtain 
be maximum amount of cover, and it is obvious that, in any site 
fhere Mined Magazines could be employed, they could easily be made 
ufficiently so to secure ample protection for the powder. 

It is not urged for this system that it would either l>e practicable 
tr advisable to employ it under all conditions, or that it secures abso- 
ate immunity from explosion, nevertheless, when adopted on level 
ites (devoid of striking features of ground, capable of being taken 
dvantage of for purposes of cover), it would appear to possess the 
olio wing advantages over ordinary Field Magazines, other than mined. 
iz. : — 

1. Ease and rapidity in construction. 

2. Little or no material required.* 

3. By confining the result of a chance explosion \o the powder 
ontained in on€ recess it is unlikely that any pieces would be put out 
)f action, whereas when a whole Magazine goes up the results must 
>e distinctly disastrous. 

4. By keeping the covering earth mass solid it is probable that 
hells exploding in it would, for the most part, prove innocuous to the 
lowder in rear, but when the earth mass is hollow^ and the powder is 
towed inside it (as in ordinary Field Magazines), shells exploding in 
he mass (being heavily tamped) are apt to find a line of least resis- 
ance in the direction of the Magazine and blow it in. 

The amount of powder that it would be advisable to stow in each 
ecess would in great measure be dependant on the depth of the 
•xcavation below the ground level. In the diagram this is only shown 

* If the covering earth mass be made ^ith a revetted iutarior slope gabions would 
>e required fur the purpose. 
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as 5' 6" (or ibe same depth below the ground line as Uie floor of an 
ordinary Field Mag^ine) ; bat as a general mle the recesses shoald 
be sunk as much as is consistent with efficient drainage and fairlj easj 
supply of powder to the Battery. . 

The powder being in M. L. cases (which are both air and water 
tight), it is hardly likely that the cartridges would run ndore, if ss 
much, risk of deterioration from moisture as they would do in tbe 
damp and steamy interior of a Field Magazine. 

Nothing but actual experiment can decide the amount of undis- 
turbed earth necessary to secure eflfective isolation for the powder in 
the recesses, bat it is well known that the explosive force of even 
large untamped charges of powder in the open is comparatively small. 

The thickness of the trav€*rses (which is merely tentative) is shown 
in the diagram as 20 feet at bottom. 



SERIES XIT. 
6 ' B.L. Gun 81 Cwt. 

Effect of common shells fired with low charges from mediam B.L. 
Guns at high angles of elevation in attacking concealed revetments or 
earth works — 

The 6'^ B.L. Mark II. on Naval Slide was the gun selected for 
this series, it being not unlikely that similar pieces might be dis- 
embarked from ships of war for ase in the land attack of maritime 
fortresses, and that, under sach circumstances, it might bo desired to 
employ them for curved, or high- angle, as well as for direct fira 
It was therefore sought in this experiment to determine the amoant 
of accuracy obtainable in the curved fire of this piece under the 
following conditions: — 

Range — 1600 yards. 

Targets — Wooden screen, 27' long by 18' high, for pattern on 
vertical target. Earthen parapet 30' thick, with exterior slope at 8® 
for effect on earth works. 

Projectile — Common shell, filled. 

Bursting charge — Gib. 8oz. shell L.G. powder. 

Fnze — Direct action (quick) 

Charge— 6 lb. R.L.G«. 

Striking velocity — 580 f.s. 

Angle of descent — about 14°. 
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The first 10 roands were fired plugged at the vertical wooden 
arget, for pattern ; the wind was rather strong and variable in force. 

The resnlt was : — 

Over 3 

Under 5 

Hit 2 

Total 10 

Three of the shells strack jast short, and hit the lower part of the 
arget *en ricochet.' 

The shells appeared to be nearly steady in flight, and the few that 
ihowed slight instability, on leaving the muzzle, soon steadied 
hemselves. 

It appeared that althongh the line was good, the vertical dispersion 
n^as considerable; this is probably to be accounted for by the 61b. 
^rtridge only occupying one seventh part of the chamber, which was 
nade to take a 42 lb. charge, and henco the air space was unduly 
arge. 

The next 10 rounds were fired at a 30' parapet, with exterior 
ilope at 8°. The first round was short, the next three over, and the 
remaining six hit the work. 

Again it was noted that the line was good, but the vertical disper- 
lion considerable. 

The efiect of the shells that entered the earthwork was decidedly 
imall, for although none were deflected from their course, even when 
striking on the superior slope, the direct-action fuzes, at the low 
(triking velocity, only allowed of such small penetration to point of 
)nr8t that the mean size of the craters formed was only about 6' 
ong by 4'-6" wide by 2'-3" deep. 

The 6^ lb. bursting charge was capable of giving larger results had 
he penetration to point of burst been better. 

From the small number of rounds fired it would be rash to attempt 
o draw any very definite conclusions, but, as far as could be seen, it 
appeared that fairly good results might reasonably be expected from 
he employment of these pieces under the conditions named. 
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SERIES xiir. 

Effect op Gradual Exterior Slopes in Deflecting PROJEcraES oh 

Striking Earthen Parapets. 

In this series exterior slopes of 15° and of 8° were fired at, the 
former both with the 8-incb howitzer and the 6- inch B.L. gun, and 
the latter with the 6-inch gun only. 

It appears reasonable to infer that the more gradual the exterior 
slope (or the more * glacis-like * its form) the greater the expenditure 
of ammunition necessary to efiectaally open up the work, for the 
following reasons : — 

1. The tendency of very gradual slopes, when unbroken, to deflect 
the projectiles from their course and cause them to rise in the air 
before bursting. 

2. The comparatively small amount of earth over the shells which 
do enter the slope at the moment of bursting. 

3. The greater honzontal distance required to be cut through to 
form a breach. 

Experiments at Exterior Slope of 15". 

8" R.M.L. Howitzer. 

The section of the work fired at, in this case, is shewn in Fig. 1» 
PI. IX. The parapet was of stiff clay, fairly dry and hard on the aur- 
face, and for some way in, but decidedly soft and plastic in the centre. 
The conditions of fire were as follows : — 

Range, 1,200 yards. 

Nature of fire, curved frontal. 

Charge, maximum, 11^ lb. R.L.G*. 

Projectile, cast iron common shell, filled, weight, 180 lb. 

Bursting charge, 14 lb. (nearly) shell, L.G. powder. 

Fuze, direct action (quick fuze). 

Angle of descent, 4°. 

Striking velocity, 876 f.s. 

Twenty rounds were fired with the following result : 

Under 1 

Over 2 

Defective in line ...... 4 

Effective 13 



Total 



20 
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The eflTect of the 13 efTeciive ronnds was to breach and open np the 
ork fairly well. The amount of earth moved was 53*75 cubic yards. 

The quick action of the fuzes, and comparatively low s.v. of the 
elLs, only admitted of a penetration of about five feet to point of 
list, and it could not be perceived that they were, in that short 
stance, appreciably deflected upwards from their course. 

In the earlier stage of the breaching the amount of earth moved 
r individual shells was small, compared with what would have been 
own away by similar shell fired into a parapet with an exterior slope 
45°. 

A reference to Fig. 3, Plata VI., will show the cause of this. 

The outlines show sections through parapets having exterior 
opes of 45^ and 15° respectively. In the case of a shell hitting, 
7, two feet above the ground line, and penetrating five feet to 
)iDtof burst; in the first instance, the shell entering at 'a' bursts 

'6,' and blows away the earth represented in section by the curve 
he; in the latter the shell only displaces the earth represented by 
e curve a h d^ and this comparatively tardy destruction goes on 
itil the main mass of the parapet under the superior slope is reached, 
ter which the conditions are about the same in both cases. Thus 
i see that, in the earlier stages, the powerful bursting charges of the 
twitzer shells are, so to speak, in great measure thrown away, as the 
>eUs have never enough earth over them, at the moment of bursting, 

enable them to do the work they are capable of, and hence there is a 
arked disproportion in the number of rounds required to breach the 
^pet in the two cases under consideration. 

In previous experiments, the same piece, fired under like Con- 
dons, thoroughly breached similar parapets, with exterior slope at 
'°) in from six to nine effective rounds ; whereas with the 15° slope 
B work was not so completely opened up in 13 effective rounds. 

6" B.L. Gun. 

^^e same parapet having been repaired, was next fired at by the 
'•^. gun, Mark II., under the following conditions : 

Range, 1,2C0 yards. 

Nature of fire, direct frontal. 

Charge, 34 lb., ?«. 

Projectile, cast iron common shell, filled, weight 1 00 lb. 

]3nr8ting charge, 6 lb. 8 oz. shell, L.G. powder. 

¥*uze, large percussion (quick). 

Angle of descent, 1° 31'. 

Striking velocity, 1375 f.s. 
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Ten ronnds were fired with the following results : 

Under 2 

Effective 8 of which 2 were blind 

Total .... 10 

It may be as well here to explain the reason of the two blind shells 
being classed as eflfective. Owing to the high velocity, the striking 
energy is as high as 1,310 foot tons, consequently a considerable 
amount of earth was displaced even by the blind shells. 

The effect of these 8 rounds was to breach and open up the work 
fairly well. The amount of material displaced was 31 cubic yards. 
(Fig 2, Plate IX.) 

Notwithstanding the quick action of the fuzes, the high-striking ve* 
locity enabled the shell to attain to a penetration to point of burst of from 
12' to 18\ according as the clay was hard and undisturbed, or soft and loose. 

The shell on striking was not appreciably deflocted upwards, and, 
from the first, burst in the slope. 

Thus, in round 2 (the first hit obtained) the shell penetrated 12\ 
burst, and formed a crater 15' long;* greatest breadth 6', greatest 
depth 3'. (Fig. 3, Plate IX.) 

Experiments at Exterior Slope at 8**. 
6" B.L. GoN. 

We now pass on to consider the effect of a very gradual exterior 
slope, viz., one of 8°, in increasing the resisting powers of a parapet. 

A reference to Fig. 4, Plate IX., will show the profile of the parapet 
fired at in this case ; all the other conditions were precisely the same 
as those which obtained when the 6" gun was fired at the 15^ slope. 
23 rounds were fired. 

The following is a precis of the results : 

Under . 1 

Over 

Burst prematurely at gun . ... 1 
Scooped up and buvst in air . . . 8t\ 
Do-rioochetted blind. . . . -^li.* 

Broke up on impact 2 r">*»» 21 

Effective 9 ) 

Total , . . . 23 

^ The length includes the 12-foot, long scoop cut by the shell to point of burit. 
t Of this number 2 were deflected upwards by the exterior slope before it was cut 
up, and 6 by the gradually sloping groove or crater ultimately cut through the parapet. 



93 

From this experiment it appeared that with so gradual a slope as 
^°, and an angle of descent a8]owasl°31',as long as the slope where 
;he projectiles strike is hard and nndistarbed, they wiU be deflected 
ipwards (after catting a scoop) before bursting ; and, forthermore, 
Tom the fact of the general inclination of the groove, or crater, nlti- 
siately cat through the parapet being so gradual, a not inconsiderable 
aroportion of the shell will be deflected upwards in like manner, and 
lurst in the air during the process of forming the breach. 

Thus, in this experiment, we see only 9 rounds are classed as 
effective, although it must be borne in mind that the 8 which scooped 
ip and burst in the air, and the 2 blind cut away an appreciable 
unount of earth. For example, round 1 cut a scoop 12' long, 2' 6** 
¥ide, and 2' deep, and burst in the air ; roand 3, one 1 5' long, 3' wide, 
ind 2' deep, and burst in the air, and so on. 

At the conclusion of the experiment the peirapet was foand to be 
aiiiy breached. 

The amount of earth displaced was 45'5 cubic yards. 

Precis or Previous Experiments. 
The following are the .results obtained in the Ordnance Committee 
tzperiments at Lydd in 1882 and 1883 with the same gun against a 
\(y elay parapet with exterior slope at 45® at the same range (1,200 
^ards), the shells being fazod with direct-action fuzes. 

1882 Experiment. 

Number of rounds fired 20 

Result reported : — 

Under 3 

Over 1 

-a*± f Blind, or broke up ' ^^ I 16 
1 Burst 4 ) 

Total ... 20 

Parapet not cut through by 8'. Amount of earth displaced, 

16 cubic yards. 

In this experiment the gun was fired with a 42 lb. chai^, 
nstead of with a 34 lb. charge of F*, as in the 1883 and 1884 
ixperiments, consequently the striking velocity was 1552 f.s. instead 

if 1375 f.6. 

This high striking velocity in the 1882 experiment was doubtless 
lie cause of so many of the shell breaking up on impact. 
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1883 Experiment. 

Number of rounds fired . . . 15 

Besult reported : — 

Under ..... 1* 

Over ...... 1 

Effective 13 

Total 15 

The majority of the shell were noted as having broken op on 
impact, bat some bnrst at good penetration, and formed large craters 
in the clay, which, in this experiment, wa« very wet and plastic; 
hence the parapet was cut through in the 15 rounds, and from 45 to j 
50 cubic yards of material wore displaced. 

From these two experiments it will be perceived how largely the 
results obtained ai*c, in the case of clay parapets, affected by the state 
of the material, 20 rounds in one yearns experiments doing far lew 
than 15 in the next ; at the same time it is right to bear in mind that 
the conditions of fire (as already pointed out) wore not identical in 
the two experiments. 

To sum up the results obtained in the three years' experiments 
(1882, 1883, 1884) it would appear, speaking generally, that howitzers 
are considerably less effective for breaching works with gradual BlopoH 
than they are for breaching works with steep slopes. The apparent 
causes for this have already been explained at pages 74 and 75. 

Fire of High Velocity Guns at Gradual Slopks. 

With high velocity guns, however, this does. not appear to be the 
case, or at any rate, not in such a marked degree ; to explain which we 
may, perhaps, not unreasonably, look to the following causes : — 

1 . The great accuracy of the gun enables shell after shell to be 
placed on the already cut-up portion of the slope, and hence to act 
with good effect. 

2. The * high velocity ' cast-iron shell, ploughing along a gradual 
slope, lifts the earth over it as it goes, and consequently does not 
encounter such a measure of resistance as to lead to its breaking up ; 
whereas, when fired into 45° slopes, the majority of these shells break 
up from the resistance encountered. 

Thus, in the recent experiments, it was found that when the gradual 
slope was cut through, and the shells began to enter the heart of the 
parapet, a proportion of them broke up. 
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3. Again, when the shell power is comparatively small (as with the 

gan), those projectiles that enter a 45° slope low down, and do not 
eak np, but burst properly, are nnablo to lift the snperincambent 
eiss of earth unless the clay is very soft and yielding, and are conse- 
:ently more or le^s smothered, whereas those that enter a gradual 
3pe have never more earth over them than they are capable of 
owing away. 

Hence it would appear that with cast-iron projectiles there are 
beolntely fewer rounds comparatively ineffective in the earlier stages 
r breaching parapets with gradual slopes than is the case in attacking 
orks with steep slopes. With howitzer shells these remarks do not 
old good, for they are neither liable to break up on impact nor to be 
Dothered on bursting. 

Considering the few data we have at present to go upon, it would 
) rash to do more than thus indicate the various causes which 
obaWy tend to influence the case. To enable really trustworthy 
nclusions to be drawn as to the advantages possessed by the gradual 
>pe over one at 45° it would bo necessary to carry out extensive 
mparative trials under precisely similar conditions, not only as 
i|;ard8 ammunition, angle of descent, and striking velocity, but also 
regards the material of the parapet, its solidity, and (in the case of 
kj) wetness or dryness. The interior of clay parapets is apt to be 
ry wet, and when this is the case very largo craters are made, and an 
duly high estimate of the power of the gun will probably be 
"mod. 

In the 1884 experiments, the recently introduced 'Largo Per- 
ssion ' fuze was used Cor the first time in shells employed for 
aaching earthworks, and whether it is quicker or slower between 
pact and burst than the D. A. percussion fuze used in 1 882 and 1883 
periments has not as yet been definitely determined, and, as is well- 
own, the time the fuze takes to act exercises a very important 
Inence on the results obtained. 

It is more than probable that most common shell will shortly be 
ide of steely and will contain far heavier bursting charges than the 
Gsent service cast-iron projectiles. 

With such shells it is likely that foi the reasons already given, 
3re will be stronger cause than at present exists for modifying the 
osl form of exterior slopes. 
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SERIES XIV. 

Comparative Effect of Steel Shell with Various Natitres 

OF Bursting Charoes. 

The object of ibis experiment was to obtain a direct compariso 
under similar conditions, between the power of steel shells, filled wii 
the ordinary barsting charge of shell L.Gr. powder, and siiniia 
projectiles filled with a mixtare of pebble and pistol powder. 

Reason of hrst Firing the Shells Plugged. 

Had the shells been fired, ftised, into an earthen parapet, an< 
burst in the ordiDaiy way, sach a comparison could aot have heei 
instituted because it would have been a matter of uncertainty ^ it 
whether the projectiles were, at the moment of burst, equally tampe< 
in each caae. 

If, on the other hand, the shells had merely been exploded electric 
ally after being buried at a certain depth, but without havii^ bee 
previously fired, the results produced would have been erroneooi 
owing to the different extent to which '* setting back '' (on diioharge 
mealing, caking, and consequently loss of explosive power takes plac 
with the different natures of bursting charges experimented with. 

It was therefore decided to first fire the shells plugged into an eartti 
work at what might be considered a medium range (1,200 yards), s 
as not only to get the setting back effect on discharge, but also th 
(presumed) setting forward effect on impact ; then dig out and explod 
electrically in earth, under given conditions. 

In carrying out the experiment some difficulties presented tbena 
selves, viz. : — 

1. The uncertainty as to whether the shells supplied, which wei 
about four calibres in length, would, on account of their great leogd 
be sufficiently stable in flight to secure accurate shooting. 

2. The known tendency of unfussed projectiles fired from hig^ 
velocity g^uns, and striking at a small angle of descent, to scoop op oa 
of the parapet and fall far beyond the work, in this case into the sea. 

With respect to I (stability in flight). 

In the 1888 experiments with steel shell some very aocanl 
practice was made at 1,200 yards with the same gtm with sUael shfil 
four calibres in length, filled with discs of highly compressed powds 
whereas in the series now under consideration the shooting was fi 
from accurate, which may perhaps reasonably be accounted for i 
follows : — 
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SiQoe the spiral of rifliag (1 tarn in 35 calibres) was foand to 

impart stability in flight to ^-calibre shell on a previoos occasion, 

the want of accnracj can hardly be attributed to insufficient rotation. 

The position of the ' driving ring ' is known to exercise an 

infiaence on the stability of a shell in flight, bat it was in this case 

apparently of a similar kind, and at the same distance from the base 

of the shelly as the rings on the shells with which good practice was 

made last year ; other causes have therefore to be sought for. 

With regard to the position of the centre of gravity. It should, 
M &r as is at present known, lie somewhat in front of the centre of 
the figure ; as if in rear, a tendency to instability arises. 

In this case the centre of gravity appeared to be well placed 
\ifwe the shell were fired^ but it far from follows that it was so during 
flight for the following reasons : — 

With a 4-calibre shell the long column of powder, which forms the 
buBting charge, is violently set back on discharge and highly com- 
pressed, especially in the case of shell L.G-. powder, and this, it is 
urged, mnst cause an appreciable alteration in the position of the 
eentre of gravity, in the direction of the base of the shell, for not 
odj is the colnmn of powder greatly decreased in length, but the 
densest portion lies at the base end. 

With regard to the 4-calibre shells fired last year ; from the fact of 
their being filled with powder, previously highly compressed under 
hydraulic pressure, it is improbable that any appreciable alteration in 
form, or distribution of the bursting charge took place on discharge, 
hence the position of their centre of gravity remained undisturbed. 

With reference to 2, viz., the tendency of projectiles to be deflected 
upwards out of earth on striking at low angles of impact : — 

It was sought to counteract this tendency, firstly, by firing at a por- 
tion of the parapet which had the exterior slope cut away till it was 
nearly vertical, and, secondly, to so lay the gun as to secure a point of 
impact cloee to the gpround line, and thus obtain as much resistance as 
poadble out of the earth mass. 

The former expedient appeared to be in slight measure successful, 
hat the latter could not^ owing to want of accuracy in the shooting, be 
carried out. 

It should be observed that the bursting charges of shell L.G. 
powder varied in weight from 8 to 9 lb., and those of P. and Pistol 
powdmr from 10 to 12^ lb. ; these varying weights doubtless further 
defncted firom the acouracy of fire. 

G 
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The conditions of fire were as follows : — 
Range, 1,200 yards. 
Target, 30 fl., earthen parapet. 
Projectiles, cast steel shell filled with : — 

1. Shell L.G. • • \ 

2. P. and pistol mixed J 



10 of each nature. 



Gnn 



6"B.L., MarklL, Slcwt. 





Angle of 


Velocity 


Change 


Kleratlon 


Descent 


Muszle, 

f.8. 


StrUdng, 

f.8. 


34 lb. F*. 


1° ir 


P 31' 


1,660 


1.875 



The results of the firing were as follows : — ^ 

IOne fell in 8ea,a{ler graze. 
One broke np on impact 
on striking the work, 
en ricochet. 

2 fell in sea. 

3 (2 not found). 
5 

7 (1 recovered at low water). 
1 



Over .... 
Hit lodged 

Hit rose, and fell on shingle 
Hit rose and went out to sea 
Hit and burst 



Total 



20 



From this abstract it is seen that only seven shells were recovered 
for burying in earth and exploding electrically. 

Effects of Shell when Exploded Electbicallt. 

With regard to the effects produced by the shells when exploded 
electrically in earth, it was found that : — 

The shells filled with shell L.G. powder (about 9 pounds) bad not, 
with 6' of earth over them, sufficient power to make a clean crater. 
Two fired under these conditions formed craters only 4' and 
2' 6" deep respectively, Owing to the earth having fallen back. 
They displaced 4*68 and 2*93 cubic yards of earth respectively. 

Three similar shells, buried 5 feet deep, formed clean craters 5 fee 
in depth, and displaced 10, 6, and 7 cubic yards respectively. 

The shells filled with P. and Pistol powder (11 lbs. lOozs.) hadt 
ample power to form clean craters when buried 6 feet ; the two fired 
forming craters C feet in depth and displacing 13^ and 11^ cubic yards 
of earth. 
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From these resolts it would appear : — 

1st. That similar shell take &r larger bnrstiag charges of P. aud 
Pistol powder than of shell L.G. powder, and produce far larger 
results ; which is believed to be dae, not only to the larger bursting 
charge, bat also to there being less loss of explosive power from the 
mealing and caking of the bursting charge with- P. and Pistol than 
with shell L.G. powder. 

2nd. That if shells which only contain about 9 lbs. of shell L.G. 
powder have more than 5 feet of earth over them at the moment of 
bursting, they are somewhat overmatched, and displace less earth than 
they do when acting at a smaller depth. 

SERIES XV. 

Number of rounds required to dismount a gun on an overbank 
carriage by frontal fire at 2,400 yards. 

Effects of fire to be corrected by observations from firing battery 
and flanks only. 

In this series the conditions of fire were as follows : — 



Ordnanoe 


Charge 


Augleof 
Descent 


Striking 
Velocity, 

f.8. 


Fuze 


6" B.L. Gun, Mark II. . 

1 

i 6-6" R.M.L. Gun . 


34 lb. P.« 
25 lb. P. 


O 1 

3 50 
5 38 


1,150 
892 


D. A. and large per- 
cussion. 
D. A. 


6" B.L. Gun . 


16 lb. P. 


4 15 


1,064 


Small percussion. 


, 8" R.M.L. Howitzer 


llilb.R.L.G.» 


9 12 


809 


D.A. 



The projectiles used were common shell. The gons fired at were 
wcx>den dummies on wooden overbank carriages, which were placed in 
the two gun portions of a screened sunken siege battery of the 
ordinary type. 

In the practice with the ^'Q inch R.M.L. gan, a pole showing over 
the screen indicated the position of the dummy gun, but as it was 
thought that this arrangement conferred undue advantage on the 
officer directing the fire, in the practice with the other three pieces 
the following plan was adopted : — 

The officer on range duty held up (for a few seconds) from time 
to time a plank, or some such object, to afford such a transient 
indication to the firing battery as might reasonably be expected to be 
given by the smoke of one of the enemy's gpins in a screened battery 
•t the moment of firing. 

The officers observing the effect of fire were stationed, one just to 
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the windward flank of the firing battery, the other in a position about 
1,000 yards in front and 700 yards to the flank of the same. 

Each of these officers was famished with a pivoted straight-edge 
fitted with sights, which he directed on to the aiming point when it 
was exhibited. 

Correct Hn€ was thus obtained from the battery, the gnn being laid 
approximately, in the first instance, on an auxiliary mark laid out in 
front, and the line being afterwards corrected by applying deflection, 
according as the point of impact was observed, by the officer looking 
over the sights of the straight-edge, to be to the right or lefb. 

In like manner the officer observing (on the right flank) directed 
his sights on the temporally-shown aiming-point ; then, as shell burst 
to the right or left of the fixed line thus obtained, he sigpialled over 
or under to the battery — 

By this simple and easily applied expedient excellent results were 
obtained. Some such method of observing cflects of fire is an absolute 
necessity when firing at an object concealed from view by an 
undulation of the ground or an artificial screen. 

6" B.L. Gun. 



Tlie results of the practice were as follows : — 

V/ * V7 La • • ■ • • • 

Under ...... 

Hit battery 

Total 



3 

8 

12 

23 



The gun in No. 1 gun portion was dismounted by a direct hit— the 
12th round. 

That in No. 2 gun portion by a shell bursting in the sooop— the 
22nd round. 

It is uncertain whether, under the latter circumstances, a real g^n 
would have been dismounted or not. 

Two of the shell were noisy in flight, and it was thought that the 
driWng ring came off" — both struck considerably short. 

6.6-INCH R.M.L. Gun — 23 eouhds. 

This gun was mounted on a Moncrieff hydro-pneumatic carriage, 
with oil in the cylinder instead of glycerine and water, which was 
found to give rise to rapid corrosion. 

The mixture of oil used in this trial consisted of two ports 
paraffin to one of olive oil. 
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The air pressnres were the same as had been nsed with gljoerine 
and water in the cylinder viz. : — g^n down 7001b., and gnn up 4001b., 
to the square inch. 

The very permeating nature of paraffin oil caused it to be forced 
Bomewhat freely through the **n" leather at the neck of the cylinder, 
thereby occasioning a proportionate loss of air pressure. 

A somewhat thicker and more viscid oil would probably be found 
to give better results — 

The results of the fire were as follows: — 

Under ........ 8 

Over 11 

Hit 4 

Total 23 

Of the four shells that hit the battery, one, the 20th round, grazed 

on the superior slope, struck, and dismounted the dummy gun **en 

ricochet *' 

h" B.L. Gun — 25 rounds. 

The results of the fire for dismounting purposes with this piece 
were as follows: — 

Under 10 

v/ver ..•..••..4 
Hit . . . . . . • . .11 

Total . . . 25 

Of the 11 shells which hit the battery, round 17 dismounted No 1 
dummy gun by a direct hit, and round 20 burst on the superior slope, 
a splinter of the shell knocking the left trunnion off dummy gun No 2. 
It is uncertain whether this shell would have dismounted a real gun. 

8" R.M.L. Howitzer— 23 rounds. 

Twenty three rounds were fired with the following results : — 

Under 12 

Over 1 

Defective in line 1 

Hits 9 

Total 23 

In this practice the observing officers were not in possession of 
piroper straight-^ges fitted with sights, consequently their observations 
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were not always correct, which led to incorrect elevation being giveo 
in some instances. The dommj gnn was dismoonted by the 22Dd 
round; the shell strack the superior slope 8 feet short and 3 feet right, 
the force of explosion blowing off the chase of the gun. 

It is hardly likely that this round would have dismounted a real 
gun. 

The results obtained in this series warrant the belief that, with an 
observing party properly posted (i.e., well forward, well on the flank, 
and if possible in a somewhat elevated position) it is quite practicable 
to deliver an effective fire at an object concealed from view, provided 
the observing officers are furnished with suitable instruments, and ibai 
the smoke of the gun fired at can be seen when, or shortly after, it 
leaves the muzzle ; of course if it has drifted some distance before it is 
seen, more or less uncertainty as to line and range most prevail, and 
tend to detract from the accuracy of fire. 

CoNCLUDiNQ Remarks. 

In conclusion, it would perhaps be as well to call attention to the 
fact that the earthworks fired at in the experiments of 1882, 1883, 
and 1884 have all been made of the alluvial deposit found on the Holm- 
stone range, and which may be termed a fairly stiff clay ; hard when 
dry, and when thoroughly wet of the consistency of cheese. It is of 
course desirable to ascertain the effect of artillery fire on all natures 
of soils varpng between pure sand and stiff clay, and it is to be 
hoped that in due course opportunity of so doing may be secured. 

The heavy labour and expense of bringing sand or loam from 
other sites on to the Holmstone range, coupled with the fact of the 
gpronnd having only this year become Qovernment property, has 
hitherto intervened to prevent any steps being taken in the directioa 
indicated. 

Considering the many cases t)iat might occur on service of works 
thrown up on alluvial sites, the various results obtained in these 
ezperimentB necessarily possess considerable interest and Yalae, anc 
throw much light on the powers of resistance to artillery fire of tb 
various works fired at when constructed of clay ; which should, howevei 
be recognised as the nature of soil least suited for the purpose, pur 
sand being taken as affording the highest powers of resistanoe, an 
light loam being probably a fair average between sand and clay. 



APPENDIX. 



Plate X. gives some sketches, not drawn to scale, of some of the 
Ttizea nsed in the 18B4 Experiments. The ' nose ' fuzes are all of the 
* General Service ' Gauge. 

Fig. 1 shows the Large Percussion Fuze intended for use with 
medium and heavy ordnance, and to act either on graze or impact at 
any angle of elevation. It may be described as follows : — 

The heavy pellet, * a, a,' carries the cap, ' 5,' in its head, and is 
Prevented from moving towards the needle, * c,* by the safety-pin, * d^ 
nd the pea-ball, * e.' 

When the safety-pin has been withdrawn the pea-ball alone 
"©Tents the forward movement of the pellet. 

On firing, the guard, */,// is set back and jams on the lower and 
»r portion of the pellet, a, a, and the pea-ball e, flies outwards from 

action of centrifugal force, due to the spin of the shell, and remains 
of the pellet in the recess, g. 

On graze or impact the pellet, a a, flies forward, and the cap, 5, is 
^^ by contact with the needle, ' c,' ignites the powder in the 
^^azine, a, and explodes the shell. 

It will be observed that the guard, /, /, is higher on the side where 
^ safety-pin passes through it, than on the other side where it holds 
^ pea-ball ; it is prevented from revolving by the guide-pin, A-, whose 
^^^t lies in a groove on the guard. 

The lead cylinder, Z, sets back on firing and closes the hole lefb by 
^ withdrawal of the safety-pin. 

A thin shearing wire, m^ guards against any tendency of the pellet 
^^nove before graze or impact. 

Fig. 2 shows the Small Percussion Fuze intended for use with 
^1^4 guns, and to act on either graze or impact at any angle of 
^ nation. 

The pellet^ * a,' carries the cap, * &,' in its head, and is prevented 
"Om moving towards the needle, * c,' by the pea-ball, * e,' and the safety 
^'Og, * A.' The pea-ball is kept in position by the hollow cylinder, * rf,' 
^hich is, before firing, held fast by the safety pin, */,' and the shearing 
•rire, * g: 

After the safety pin is withdrawn the hollow cylinder, ' d^* is free to 
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be set back by the shock of firing on shearing the wire, * ^,' leaving the 
pea-ball free to fly outwards, by centrifagal force, clear of the pellet. 

The same centrifugal force also causes the safety plug, * A,' to fly 
outwards and compress its spiral spring, thereby leaving the pellet free 
to fly forward on graze or impact, and fire the cap by contact with the 
needle. The flash from the cap ignites the two powder-puffs, * »n,' 
which fire the hollow columns of pressed powder on which they rest, 
and explode the shell. 

* n, w * are small lead discs to prevent rebound. 

Pig. 3. Nose Belay Fercussion Fuze, 

In this fuze the pellet, ' a a,' which carries the cap, * &,' in its head, 
is, before firing, prevented from moving by the plug, • e,' which is 
retained in position by the two small safety plugs, y/,' which are them- 
selves kept in their place by the spiral springs by which they are 
pressed forward, and by the safety-pins, * d c?,' passing through 
them. 

The safety-pins having being previously withdrawn, the following 
is the action of the fuze : — 

On firing, the small safety-plugs, *//,* fly outwards by centrifugal 
force, compressing their spiral springs, and liberating the plug, ' «,* 
(which carries the needle, * c ') which also flies outwards in the direction 
of its heavier end by the action of the centrifugal force due to the spin 
of the shell, and by so doing frees the pellet, *• a,' and brings the needle 
* c,' opposite the cap * 6.' 

The needle is kept true, i.e., at right angles to the surface of the 
cap by a guide-pin, ' {,' whose point lies in a groove on the under sur- 
face of the plug, 'e.' 

As soon as the plag, ' «,' has thus flown outwards, it is securely kept 
there by the small plug, ' g^ being forced in front of it by the action of 
its spiral spring. 

On impact the pellet, * a,' flies forwards, the cap is exploded and 
fires the column of * delay,' or faze composition, *A,' which, when it has 
burned out, fires the magazine of F.G. powder ' A;,' whioh ignites the 
bursting charge of the shell. 

The amount of delay, which was estimated at about half a second, 
appears sufficient to enable the shells to attain to their maxima m 
penetration. 

Fig. 4. Base Belay Fercussion Cap, 

This fuze is, as its name implies, screwed into the hose of shells 
which have especially sharp points. 

Its action is as follows : — 

The pellet^ ' a,' which carries the cap, ' h,* in its head is, before firing, 
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retained in position by the three small safety-plugs, ' e, e, a/ which are 
kept in their place by their spiral springs, and also by safety-pins ' d^* 
^rhich latter are withdrawn before ramming home. 

On firing the three small safety-plags fly outwards, by the action 
of centrifngal force, dae to the spin of the shell, and in so doing com- 
press their spiral springs. 

As soon as this takes place, the pellet, ' a,' is forced a little forward 
by the action of the- spiral spring underneath it ; this forward move- 
ment prevents the small safety-plugs from resuming their former 
position holding the pellet. 

On impact, the pellet flies forward, the cap is exploded by contact 
with the needle, ' c,' and its flash ignites the delay or fuze composition 
*//,' which, when it has burnt out, fires the F.G. powder in the 
magazine, *g g,* and the shell is exploded. 

The amount of delay which was estimated at about half a second, 
appeared sufficient to enable the shells to attain to maximum 
penetration. 
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TRANSLATOR'S PREFACE. 



The followiDg papers — termed by von Briinner ' schatzenswerthe 
Brochiire * — were published anonymously in Berlin in 1880. They 
created a considerable impression, and reference is made to them in 
numerous subsequent writings. Their scope is limited to what may 
be called the higher principles of siege-warfare, and they do not deal 
with the details of works of attack or defence. Such details are of 
relatively less importance, do not form subjects of debate, and are fully 
dealt with in the text books of all countries. The right conduct of a 
siege, or of a defence, will always exercise a determining influence on 
the result, and no amount of technical skill in sapping and earth 
works will serve to counteract the effects of a wrong conception of 
those general principles which form, the, basis of what may be termed 
the strat^y of siege-warfare. 

Much of the subject-matter following will be readily accepted ; 
some portions of it may fairly be questioned ; other portions will 
perhaps be pronounced mere truism^. Allowance should, however, be 
made for the peculiarities of the German habit of mind, the tendency to 
over-systematise, the slightly professorial tona To the German, the 
careful subdivision of his subject is essential ; nor does he shrink from 
platitude or repetition in establishing what he accounts as the logical 
completeness of his position. So much we must pardon him. These 
things notwithstanding, the ' Studies ' will, it is believed, be found to 
be not only suggestive, but invested with a certain freshness of thought 
as well as a freedom from that pedantry of the past, that thraldom to 
terms and forms of expression now changed or dead, which is occa- 
sionally visible in military writings. Our literature on this special 
subject is not too copious, and it . is possible that these Papers may 
have a certain use. With this hope, the translations are offered to 
the Corps. 

G. S. C. 

London, October 1884. 
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PAPER III. 



STUDIES m FORTRESS WARFARE. 



Part I. 

THE DEFENCE. 

Litroductton. 

In no department of military science do we meet with so many con- 
flicting views as in that of fortress warfare. Notwithstanding that 
the Franco-German war of 1870-71 and the Rnsso-Turkish campaign 
of 1877-78 were rich in sieges, the standing questions relating to 
fortress warfare have not been practically set at rest. The resonroes of » 
fortress warfare, and particularly those of the defence, have been essen- 
tially changed and improved since the former of these campaigns, while 
the fortresses which came into play during the course of the latter 
were neither storm-free nor ready for defence. It is, therefore, left 
to theoretical investigation to clear up our views regarding fortress 
warfare. Meanwhile, the experiences of past wars ought still to be 
made use of in spite of the changes in the objects aimed at and the 
means employed, since these changes are only in the direction of exten- 
sion. (Sphere of operations, general effectiveness of weapons, style of 
fortifications and of siege works.) Numerical conditions and the relative 
efficiency of the means at the disposal of antagonists in future warfare 
have not altered with the time, while the attack and defence meet 
under the same general strategical and tactical conditions to-day as 
formeriy. Hence it is not the principles of fortress warfare which have 
varied with changes in means and ends, but the tactical forms. 

In the following studies, suggestions for clearing up the subject of 
fortress warfare have been sought for in theoretical considerations 
based on military history. 
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The factors with which fortress warfare has to deal are : — 

1. The resources available : — 

(tt) Personnel; 
(b) Materiel. 

2. The nature of the objective. 

3. The end sought to be attained by the combatantR. 

4. The general strategical and tactical positions of the combatants. 
Considering the above factors comparatively in the case of botk 

combatants, we arrive at the following general results : 

1. Resources. 

(a) Fersoniiel, — The besieger must be numerically superior to the 
besieged in order that a siege may be, generally speaking, conceivable. 
Moreover, the moral superiority of personnel will, in consequence of 
the general situation, be on the side of the besieger. In the most 
heroic defences such as those of Danzig and Colberg in 1807, and 
Sebastopol in 1854j-5, military history shows, by the complaints of 
the defenders of numerous desertions, by the conduct of the com- 
manders, by the offensive operations they undertook and the judgments 
since passed upon them, that the feeling of moral inferiority was present 
in the minds of the leaders as well as in those of the troops, and that 
energetic leaders may set limits to this feeling but can never altogether 
suppress it. 

(&) Materiel. — In materiel— by which is meant guns and munitions 
of war, since the rifle is more bound up with the personnel than the 
artillery weapon, and does not come under this head-»-the defender is 
numerically superior at the beginning of the siege. The organisatioo 
of European armies, and the development of fortress systems at the 
present day, will allow no besieger to establish an initial nnmerical 
superiority in ordnance against the great fortresses of the latest type, 
which in future wars will dispose of 1,000 to 1,500 guns. The 
besieger must win his superiority by fighting. Here the disadvantage 
of the besieger comes into play, since he must bring bis heavy materid 
to the scene of operations over great distances. The development of 
railway systems more or less facilitates this transport of materiel to 
the siege-objective. On the carrying capacity of the railway it will 
mainly depend whether the conditions as to materiel soon change to 
the advantage of the besieger. This change must eventually arrive on 
account of the inexhaustibility of the resources of the besieger. It is 
nevertheless certain that the defender of a well-armed and provisioned 
fortress will be initially superior. There is probably no instance in 
military history where the besiegers were superior to the besieged in 
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armament and respurces at the beginning of a siege if the fortress was 
ready for hostilities. The sieg^ of unprepared fortresses, such as 
Ardahan in the Bnsso-Tarkish war, are not taken into present con- 
sideration. 

It is otherwise with the relative efficiency of the material fighting 
resources. In this respect the besieger will usuallj have the advan- 
tage, since economical considerations have hitherto made it impossible 
for any State to keep pace with the development of weapons in the 
armament of its fortresses. The defender will be obliged to employ a 
number of antiquated guns, since the requirements of the fortresses 
will be taken into consideration after those of the field army. 

In future wars, a few fortresses may possibly be so fortunate 
as to be able to meet the attack with fighting materiel of equal 
value. Such cases, however, will, according to past experience, 
be exceptional. (Sebastopol.) It may, therefore, be assumed that the 
defender is at the beginning of a siege numerically superior to the 
attacker iu materiel, but inferior as regards the relative efficiency of 
hiB armament. 

2. Nature of the Objective. 

The objectives of the besieger are storm-free, closed positions, pro- 
vided with bomb-proofs, against which the besieger must move pace 
by pace, covering himself till he is close, and to take which he must 
employ artificial means, such as descents and breaches. If, on the one 
hand, the taking of these positions by Infantry has become difficult for 
the besieger, since their construction renders them hard to surprise ; 
on the other hand, they offer a favourable target to the artillery of the 
attack. Beside these storm-free positions, the besieger has to take 
advanced positions of a field type. These positions, consisting of 
slight earthworks with obstacles, are more or less hard to attack, and 
mostly difficult to shell with good effect by siege artillery. 

The objectives of the defender are not rendered storm-free. The 
besieger can make his first positions, with their slight, inconspicuous 
earth«cover and obstacles, almost unassailable. (Investment lines of 
Metz and Paris.) He cannot, however, as he advances, provide his 
positions near to the fortress with strong obstacles, since both time 
and labour fail. The work must be carried out under the effective fire 
of the fortress, and, moreover, such obstacles would hinder his own 
movements. The objectives of the defender, therefore, are not storm- 
free, bat they are bad targets to shoot at. 
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3. End sought to be atthnkd. 

The besieger has in view the permanent posseBsion of his obje^ 
tive ; the besieged, on the other hand, wishes to retain the position 
occupied. 

4. General Strateqio and Tactical Position. 

The strategic and tactical position of the combatants is entirdj 
dissimilar. The defender is snrronnded, shut off from the outside worM, 
and thus tied down to limited resooroes. The besieger, on the oUier 
hand, envelopes the position and his fighting resonroes can be brooght vf 
without limit. These differences in the conditions of the combaUuili 
bring about the inevitable i*esult, that the defender cannot indefimtdj 
replace his expenditure of materiel, and must finally succumb. NefW> 
theless, favourable opportunities offer themselves to the defender, sinee 
he has tacticallj the great advantage of the surprise and of a storm-firae 
position. If the defender bases his line of action on these advantsgei, 
holding fast to the object he has in view, and having due regard to 
his resources, he is able to dictate to the besieger the form of advance, 
and can thus successfully accomplish his task. 

In the following remarks, a fortress of the most recent type, witk 
detached forts, is to be understood. 
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THE DEFENCE OF A FORTRESS. 



*H1 oommaDcler of a defence must alwajs bear in mind that the 
etention of the fortress is the problem to be solved, that all measures 
rhich do not farther this object retard its accomplishment, and that 
he defender, on acoonnt of his inferior strength, can only fight advan- 
ageonsly within the range of the guns of the fortress. The defence 
.ppears to be too willing to forget these principles, which military 
iisiory bears oat in all respects. It demands from Infantry the 
lOoomplishment of tasks which involve the employment of this arm 
leyond the protecting fire of the fortress gans, and which do not afford 
he slightest prospect of a snccessfal resalt. With regard to the em- 
ployment of movable armaments also, the defence adopts nnsonnd views, 
^ith the object of obtaining a steady development of artillery fire, it is 
proposed to bring gans into action by driblets under the enemy's fire, 
nd in positions not storm-free. While the Infantry is to be handled 
•ffeusively, the Artillery is to play a waiting game. The mntoal snp- 
K>rt and concert of the two arms is thus lost. Snch an employment 
f force appears questionable, both theoretically and also from the ex- 
leriences of past wars. 

I. — Measures to be taken when a Fortress is threatened. 

The general organisation of the defence mnst be laid down before- 
land in peace-time. Whatever may be the nature and extent of the 
•revious preparations (which are not dealt with here) a fortress cannot 
n peace-time be kept always ready for defence. If, therefore, it is 
hreatened, two iasks present themselves to the defenders : — 

a. The observation of the enemy. 

b. The placing of the works in a state of defence. 

Both tasks require for their accomplishment forces which mnst be 
mployed in ways which preclude mutual action, since troops employed 
1 observation are lost as far as technical preparations are concerned. 

a. The Observation of the Eneniy, — Considering that it is a question 
nly of observing the enemy, and not of securing the fortress in face 
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of the enemy, it is clear that the force to be employed for the pnrpm 
must be sought in that arm which is best suited for obsenring— tb 
Cavalry. Infantry should be ased only in default of Cayalij, ff 
in a very close country. In the strategic position of the defendei^ 
Infantry is entirely unsuited for the service ; since this arm, bj h 
slow movement in face of an enemy advancing concentrically on i 
broad front and in superior force, will be compelled to draw in towirdi 
the fortress in order to avoid being rolled up by the mass of the enemy'i 
forces, or cut ofif from the fortress. Moreover, by tbas employng 
Infantry, valuable forces are withdrawn from the work of interior 
preparation. 

Good observation is the first condition of success against the ad* 
vanning enemy, and this cannot be secured by Cavalry alone, since ftbe 
defence will be relatively weak in this arm. Hence, for every fortrea 
an organised system of obtaining information is desirable, whiolt, 
established in front of the observing Cavalry, will support tbem in tlieir 
task. In order to carry on the observing with certainty, the aevenl 
detachments must be in close commnnicatiou with each other and with 
the fortress. Bearing in mind the weakness of the defence in personiMli 
this requires that the observing line should be no further from tJM 
fortress than the first object of observation — security against surpnae— 
demands. 

Having regard to the extent of the latest fortresses and the mar^ 
ing powers of troops, it will be sufficient for the defence if tb» 
observing is carried out at a distance of a day's march from tbe 
fortress. Surprise is then precluded, and sufficient time is givea fxf 
action on the advance of the enemy, since the defender with his 
numerical weakness should limit himself to an offensive within the 
range of his g^ns, unless he desires to fight under unfavourable con- 
ditions — that is, without sufficient support from his Artillery. Militaij 
history supports these conclusions by numerous examples. 

At the defence of Danzig (1807), Infantry were detached, when the 
fortress was threatened, to distances varying from 16 to 56 miles — to 
Stolpe, Stargard, Dirschau, and the Werder — without any systea, 
partly in order to keep up communication with fortresses not occupied 
by the enemy, partly to hold cei*tain points as a check to the enemy*! 
marauding parties. 

This employment of the Infantry was very detrimental to the 
later defence, since it led to the destruction of detachments at Stolpe 
and Dirschau. The forces of the defender were thus enfeebled by fight- 
ing, which had nothing to do with the maintenance of the for^vtf 
itself ; and, further, the Infantry was withdrawn from work on the 
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&r more necessary service. As far as obserration and 
uBsance were concerned, all these detachments effected 

r- 

I defenders of Belfort were obliged, for want of Cavalry, to push 
&ntry in observation on all sides — eastwards as far as St. 
, Thann (Plate 2), and Dammerkirch, weaker detachments to- 
§onlz and Mulhaosen. These detachments neither checked the 
nor aided in observation. The parties pushed out abont 20 
owards Sonlz and Miilhansen, by their frequent retirements in 
lence of disquieting rumours, spread terror among the people 
treased the demoralisation of the troops.* These forces would 
)en better employed on the defensive works. 
s otherwise when Cavalry is employed. This arm, for example 
zig in 1807, carried out valuable reconnaissances, even as far as 
srg, 80 miles from the fortress. Here the Cavalry correctly 
ined the approach of the enemy's forces on the south, and thus 
nately occasioned the useless occupation of Preussich-Stargard, 
3r of Dirschau. 

ilar results were obtained by Cavalry at the defence of Sebas- 
Here, by a service of Cossack patrols and visual signalling, 
ition was received in a few hours at Sebastopol of the anchor- 
he enemy's fleet at Eupatoria (80 kilometres from the fortress) 
/he landing. 

Be experiences indicate that the defence should only employ a 
m of troops — Cavalry if possible — in observation, and that the 
the troops should be retained within the effective range of the 
gnus. 

Plate 4, a scheme for guarding a fortress threatened from the 
g^ven, having regard to the roads only and not to the topo- 
al features : — 
When Cavalry is employed. 
When Infantry only is available. 

In the first case, the observing squadrons have only pushed out 
to the crof^s roads, and the rest of the regiment is retained 
effective range of the fortress guns as a general support. From 
kin body, parties are taken for special reconnaissances. The 
id sections, which are to be relieved daily, send out weak patrols 
I night toecour the country from 4 to 6 miles to the front, 
mnced detachments and the main body communicate by telegraph 
e fortress. With such dispositions and communications, the 

I ' demoralisation ' of the defenders of Belfort was not, however, particularly 
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main body can remain dismounted in alarm-qnariers, Bince it will b 
certain to receive warning in good time. Moreover, the 
mandant of the fortress will have ample time to take his 
against the advancing enemy, while the latter is still two miki &> 
tant. The conditions will be all the more &vonrable if there axe igMli 
in the villages A and B (Plate 4), assisting the Gavalrj TeooiiHii> 
sanoes by supplying information. No InfiEintry snpport is given to ib 
observing Cavalry, since the troops who are at work on the threateMJ 
front of the fortress can be got together in an hoar, and a portioi 
of these troops will be available to snpport the Cavalry. 

(2) In the second case, on account of the less mobility of Infuitay; 
and since Infantry patrols cannot cover as much ground as Cavalij,tlii 
observing parties are pushed further forward. In the example sketcM 
out (Plate 4), the observing is carried out in three sections. 

For the Infantry of the defence, far-ranging reconnaissances are vd 
recommended. It appears necessary also in this case to make ^ 
detachments guarding individual roads stronger, and to apportion anab 
body to each, in order to be able to delay the advance of the eueii^. 
These measures will render a daily relief of the observing detadiuMBti 
unnecessary; since, on account of the strength of these detachments, t^r 
will be able to relieve their patrols and outposts at sufficiently akort 
intervals. A weekly relief from the fortress of the observing deteflb 
ments is, however, desirable, so as not to tire out a particulw portifli 
of the Infantry before the siege begins, and also in order always to bavi 
fresh and capable troops employed on this important service. In PkAe 4 
the disposition of the Infantry is shown. The advanced pickets inm 
which the patrols are sent out are not indicated. 

It appears unad visable to allot Artillery to the observing detachmeniii 
since the latter are intended to watch, and not to fight. If the oo-^openr 
tion of Artillery in special distant reconnaissances appears deairaUe, ik 
can be taken from the fortress. 

6. The placing of the Works in a state of Defence, — This conoeni 
the completion of the organisation, and the application and maintenaoM 
of the means of defence. It will be more or less facilitated by aaf 
special preparations which have been made in peace-time. 

The measures to be taken for the organisation of the defences wil 
depend not only on the condition of the fortress to be defended, butabt 
on the method of defence adopted. 

It is most advantageous to the defence to employ all its resonrofli 
from the beginning of the struggle in first line, since at this time thi 
morale of the troops has not yet been weakened. This principle willafl 
the more carry conviction if it is clearly recognised that the strength 
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of the defence lies in the employment of weapons from advantag^ns 
positions, and that success is to be sought only in an offensive based on 
the best possible employment of the weapons available. This offensive is, 
aa histOTj teaches, possible only by the calling into operation of every 
kind of means. Moreover, the success of this offensive demands oare- 
ftd previons preparation. 

DispoeUion of Armaments. — If the defence recogpiises these conditions, 
the first question asked will be : ' How are the several arms to be disposed 
00 as to fulfil the above object ?' 

The strength of the defence lies in the employment of arms from 
secure positions, consequently in Artillery. The lie of the gronnd pre- 
flcribes for this arm strong positions, if it is to be used to advantage. 
Henoe the Infantry and Engineers must subordinate themselves to the 
Artillery. 

In Artillery circles, opinion is divided as to where the guns are to be 
placed for fighting, whether in the forts or in wing and intermediate 
batteries. It cannot be denied that gun emplacements, yi forts visible 
fkr and wide, offer fovourable marks to siege Artillery. On the other 
liand, it appears to be a questionable policy to fight the most im- 
portant arm of the defence in positions which are not storm-free, 
and in which, moreover, the supply of ammunition, under the conver- 
gent fire of the attack, will be very difficult. Wing batteries do not 
po oooBO such important advantages as has been usually ascribed to 
them. Aided by the visibility of the forts, it will not be difficult for 
the besiegers to fire into such artillery positions. And is not the 
artillery of the defence, in a wing battery of 12 or 14 guns with storm- 
freedom abandoned, crowded together to an undesirable extent and 
exposed to convergent fire ? 

I hold that the fort is always the natural position for the Artillery 
of the defence, which against the close attack is altogether helpless. 
And this view finds adoption in the design and arrangement of the 
latest forts. The Engineer has, in the latter, done his utmost to add to 
the enduring power of the guns of the defence in the Artillery duel. 
Possibly the Engineer might have effected more in this direction if he 
would give up high relief and cover his forts better by the ground. 
Why should not forts be placed behind the brovrs of hill ridges, so as 
not to be looked into from heights in front P If the space between 
the brow of the hill and the fort forms a counter-sloping glacis in 
the form of a mask, and is under effective infantzy fire, the fort 
would be as difficult to hit as siege batteries which are well covered by 
the ground. That the terrain of such a fort would not be swept by 
ita direct fire, seems to be no disadvantage. The direct defence of this 
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ground wiil be better secared by the fire of the collateral fort, lod 
particularly by the advanced Infantry, 

The forts of to-day are exposed and disadvantageona for the 
Artillery defence. It must be decided whether to fight in them or ul 
protected intermediate positions. The latter have great advantages id 
action, if only the ammunition supply can be rendered secnre. If then 
is any great difficulty in conveying heavy ammunition to the inter- 
mediate batteries under the enveloping and convergent fire of the 
attack, this will tell against the energy of the Artillery fight. It if 
otherwise in the case of the forts, where the most careful provision hii 
been made for the supply of ammunition to the g^ns. For this raBon 
it will probably be decided to carry on the Artillery fight with hmfj 
guns in the forts, or at any rate in wing batteries which have been 
rendered difficult to assault by obstacles. 

In disposing the Infantry of the defence, we must look closer into 
the effective scope of the Infantry and Artillery weapon, if the main 
principle of the defence — the full utilisation of the arms — ^is to be 
carried into effect. The full scope of the arms can be turned to 
account only when Artillery and Infantry fire supplement each otiier. 
Why should the Infantry of the defence remain inactive in the 
advanced posts ? Whatever may be the range of individual goos, 
the possibility of observing the effects of fire, together with a leaeon- 
able certainty of hitting and obtaining satisfactory results against 
completed siege works, begins at 2,500 metres. At 1,200 metreB— 
beyond the effective range of Infantry fire, but within the range of the 
rifle — the mass of the guns of the defence can carry on the ArtiUoy 
fight. 

The maximum range of the rifle does not exceed 3,000 metres. 
In almost all countries it is sighted up to about 1,500 metres. At 200* 
metres, the Infantry weapon gives the best destructive effect over the 
whole ground swept at the level of the height of a man. Under 
these circumstances the Infantry must be pushed out about 1,000 
metres beyond the line of forts. 

The most effective range of both weapons will then ooinoide at 
that zone of ground on which the attacker must carry on his Artillet} 
fight — a circumstance which will compel him first to operate againit 
the advanced positions, and to throw up his earlier siege works at ft 
greater distance, since the ground between the distances of 1,200 
metres and 2,500t metres from the fort will be under a mutmlfy 

* About 500 metres with the new rifle. — Trans, 

t Hardly so much, since rarely or never would it be possible for the artflleKy of 
the fort to fire at an enemy 200 metres beyond the heads of infiintry, the latter beiif 
1,000 metres distant. — Tront, 
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gapportixig and very effective fire of both Infantry and Artillery. 
Moreover, these advanced Infantry posts favour the offensive against 
the poeitions of the besieger, and are so near them that the oonstmction 
of batteries at decisive distances is rendered impossible until the 
advanced posts have been captured. 

It will not be advantageous to push forward the Infantry beyond 
1,000 metres, since at this distance the co-operation of Infantry and 
Artillery will be secured under the most favourable conditions. 
In&ntry posts far in advance of the line of forts are, moreover, 
more d^cult to support by reserves firom the fortress. They require, 
therefore, very strong garrisons, which the defence, on account of its 
relative weakness in personnel, will not be able to dispose of. 

The Execution of (he Works of Defence. — The following work has to 
be carried out : — 

1. The entrenchment and preparation of Infantry posts about 1,000 
metres in advance of the gun positions, with a view both to giving 
scope to the arm and also as aids to the offensive. 

2. The mounting of g^uns, together with the provisions necessary for 
the safe supply of ammunition. 

3. The clearing of the field of fire for both arms. 

4. The establishment of communication between the two arms 
which have to fight far apart. 

!• TJhe Infantry Posts. — The advanced Infantry posts are intended 
for carrying on an Infantry fight, and also as points of departure for 
the offensive. In action, the InfiEuitry will also find many opportunities 
of usefulness in firing at the observing stations of the besieger's 
Artillery, or at any gun detachments which may be visible, and where 
their position is a commanding one, in directing an oblique or flanking 
fire at long range against the siege batteries themselves ; since at 
1,000 metres the angle of descent of the bullet is about 5°, and at 1,500 
metres about 10^. 

The positions selected should be limited to those points which have 
the greatest tactical importance, and which can be held by the least 
number of men. Houses, fiftrmsteads, small plantations, are well 
suited for the purpose if they happen to be parallel to the front of the 
forts. If such positions are not available, field works must be thrown up. 

The weak garrisons of these positions necessitate obstacles in 
fronts rMuits, and communications to the rear. All these provisions 
most be of a field nature, since only a short time can be allowed for 
carrying them out. In the r^duit, there should be a store containing 
rifle ammunition, provisions, and water, so that after the loss of the 
position the r^dnit can be held until a Counter-attack from the fortress 
can be made. 
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The commnnioations to the rear should be so arranged thatreaerrei 
can be thrown into the position in as short a time, and with as muck 
safety as possible. 

To connect individual posts by shelter trenches appears iinneo» 
sary, since by day-time patrolling is superfluous over ground wbiek 
can be seen, while at night the patrols will be covered by the darknesi. 
Thus the defence will not create too many positions capable of bdig 
subsequently utilised against the fort. 

To forego altogether the construction of these advanced In&atij 
posts and their communications with the rear, because they can afte^ 
wards be utilised for the purpose of the attack, is unwise. The pn- 
ponderance of advantage in the use of such positions for increasing tli6 
fire-effect and for facilitating the offensive is undeniable. Mifituj 
history affords instances of the creation of such positions even uadv 
the enemy's fire, and of their successftil employment. 

2. The Qun Positions. — Guns employed for the purpose of the 
active defence have to fulfil the following tasks : — 

(1) To compel the besieger to keep as far away from the forts u 
possible. 

(2) To fire at any siege works begun within range, and to rendff 
their completion impossible. 

(3) To prevent the bringing up of the siege Artillery. 

(4) To resist all attacks on those advanced Infantry posts, the spedil 
object of which is to keep the attack at a distance. 

(5) To prepare the way for counter-attacks against the completed 
works of the besieger. 

The Artillery must recognise its principal sphere of usefolnesi ii 
the last-named of the above tasks. It appears impossible to hindwfor 
long the execution of the siege works and batteries. To keep dowi 
the fire of the batteries when completed is also an undertaking tla 
success of which is doubtful. Even if the Artillery of the defence dis- 
ables individual guns of the attack, no decisive results in this direelioD 
can be obtained, since the guns of the defender have to fight under 
less favoarable conditions than those of the attack, and most be man 
sparing of ammunition. The Artillery of the defence can only pxepaie 
the way to success, the Infantry must achieve it. 

The flank defence, which is committed to the Artillery with a viefr 
of economising InAmtry, is of minor importance during the 
stages of a siege. Flank defence will come into play only 
assaults and during the later stages of a formal attack. 

The scope of the Artillery of the defence is thus many-sided and of 
the highest importance, beginning with the appearance of the 
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within range of the gnns of the fortress. It appears necessary, there- 
fore, in order that this Artillery should be ready for action at the first 
approach of the besieger that all the arrangements relating to the 
guns should be completed. 

There is no reason that the mass of the Artillery of the defence 
shonld wait for what the besieger may do and where he may attack. 

The positions of the siege batteries are in general prescribed by 
the groond. 

The disposition of the Artillery of the defender is dictated by con- 
siderations relating to the lie of the ground and the possible enfilading 
of the defender's lines by the besieger's Artillery. For this reason, 
before the enemy appears in front of the fortress, OTcry gnn which 
can be laid hold of shonld be mounted in the forts in such a way as 
best to aooomplish the tasks above stated, and, if the forts are too 
small, in that wing battery which is best able to meet the possible 
development of the attacking batteries. 

Shonld objects for fire present themselves in unexpected positions ; 
then, if a powerful armament is available, it will always be possible to 
find a few g^ns to take them in hand. It is no disadvantage that 
there should be guns standing ready for action on the ramparts of fronts 
not attacked. In case of need, these guns can be moved to the front 
besieged as easily as from the bomb-proofs. In any case, it will be 
advantageous to the defence to be able to begin the fight on the front 
attacked with a superiority of metal, instead of being obliged to mount 
gnns by day and night. It appears unnecessary to keep back guns as 
a geneial reserre. In case of necessity, guns can be obtained from the 
forts whioh are not attacked. Only the mass of the light rifled guns 
and mortars should be retained as a general reserve, to be employed in 
the intarvab between the works in support of the heavier guns. The 
former are selected for the reserve, since their ammunition is moro 
easily transported, and they are more easily mounted. 

The way in whioh these guns will be used is undetermined. They 
will find their proper employment as soon as the Artillery attack begins. 
It is, therefore, an important condition of the mounting of these guns, 
thai ihey should be ready for action in a short time. Hence, the 
defender xnust make communications to all suitable positions between 
the forts, so as to be able to bring those guns into action rapidly. No 
considerable effect can be obtained by their fire unless the ammuni- 
tion supply is assured. Tramways might be made to the positions, 
and expense magazines constructed as near as possible to them, in 
order to be able to seize f&vourable opportunities for bringing up 
ammmiiiion. 
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3. Clearing the Field of Fire, — The clearing of the field of fire mast 
correspond to the sphere of action of the arms. With the preflent 
weapons the ground on the level should be cleared to a distance of 
8,000 metres. To go beyond this appears unnecessary, since the de- 
fender, on account of his numerical inferiority, cannot prevent the 
attack from occupying more distant ground, while his fire cannot be 
advantageously employed beyond 2,500 metres against the siege 
works and batteries without incurring a waste of ammunition. The 
defender must, above everything, guard against the latter, since hii 
moans are limited. Hence, the harassing of the besieger by the employ- 
ment of unaimed fire directed on roads in order to make them difficak 
to traverse, is not included among the duties of the Artillery. Costly 
Artillery ammunition can be expended to better purpose. Such in 
employment of Artillery must be resorted to only when there is special 
indication or information that the enemy's troops in great masses are 
moving on a particular road. 

Where the ground is much accentuated, it will be advisable to 
make a clearance of wood only on areas turned towards the fortress 
and seen from it. To clear slopes which cannot be seen from the 
fortress or brought under direct fire, and which can be used by the 
enemy as sites for his batteries, appears disadvantageous, since the 
construction of the latter will thereby be facilitated. Buildings and 
woods which cannot be seen from a fortress need be removed only 
where they would impede a counter-attack on the siege works. 

4. Communications between Positions.— The defence can only aim at 
success by the co-operation of Artillery and Infantry. Both arms fight 
in positions far apart. In order to obtain intimate co-operation, com- 
munication appears absolutely necessary. This communication is all 
the more required, since the Artillery must make use of the advanced 
Infantry positions as observing stations if its fire is to be efleclin 
and the waste of ammunition prevented. The advanced Infantry 
positions must be connected by telegraph with the forts and with the 
stations of the reserves in order that the condition of complete oo* 
operation may be fulfilled. Communication by patrols is insufficient 

Examples. — ^An employment of the means of defence and an arrange' 
ments of defensive positions similar to that above indicated wn 
adopted at Danzig in 1807. At Sebastopol, the same prindplos were 
first realised after the beginning of the siege and under the enemy's 
fire. At Belfort and Paris in 1870-71, similar ideas were apparent 

The defenders of Danzig formed an advanced Infantry position is 
the covered way, which was palisaded and provided with r^aits,aDd 
they utilised this position with partial success for the offensiye. ii 
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important tactical points, they constrncted flanking works. On the 
west front ^ej intended to create posts of blockhouse form at 800 
to 1,000 paces to the firont. This plan had, however, to be given up 
for want of time and labour. The defenders had all their guns 
mounted except twelve, so that thej were able at the beginning of the 
siege to fight with energy. Covered communications linked the 
advanced positions with the enceinte. 

Sebastopol was not storm-free at the time of the landing of the 
besiegers. The armament of the land fronts was so weak that the fire 
of three guns at most could be concentrated on a given point of 
the terrain. When the besieger threatened the south front, the 
energetic defenders immediately made rifle pits and abattis in front 
of their Artillery position, which had meanwhile been considerably 
strengthened. The construction of advanced Infantry posts took 
place during the siege. 

At Belfort (Plate 3) the Infantry of the defence was pushed far 
forward without the necessary intrenchments. The fortress guns 
could not afford an Artillery support to these positions. 

At Paris, the ground in front of the forts was held on the south 
front only, although this was intended to be done on all the fronts. 
The occupation and strengthening of this ground was first commenced 
during the siege. The influence which these positions exerted on the 
defence will be noticed later. 

Completion of the Organisation of the Meari^ of Defence, — All 
the forces and resources of the surrounding country, which can be 
utilised for the defence, must be swept into the fortress. 

The mode of employment of the arms which has been set forth 
above demands the following special organisations : — 

1. Teams for enabling the guns of the general reserve to be em- 
ployed in varied positions between the forts and for horsing two- 
wheeled ammunition carts for the service of these guns. 

2. Railway detachments. 

3. Telegraph detachments with portable stations. 

Further, it is necessary to organise on a military basis all 
mechanics and artisans who can be rendered available for purposes of 
the defence. 

Measurei for keeping up the Supply of ^necessary Means of 
Defef^ee. — In order to increase the means of the deience, it is 
necessary to make numerous requisitions, particularly in the neigh- 
boorhood of the fortress — >the latter being specially advantageous, since 
they deprive the besieger of resources. The advanced posts and 
their reserve positions, which have to await the enemy's fire in 

k2 
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first line, reqaire particalar attention in these respects. Provision for 
an assured food and ammnnition snpplj ought to hava been made 
in peace-time. If this has been neglected, the necessary arrangemeots 
for the purpose must be taken in hand first. 

In practice, mnch has alwajs been left undone, both in the perfeei- 
ing of the organisation and in the measures taken to increase the 
means of defence, since these points have not been safficientlj thought 
out, and the carrying out of the necessary measures has not been 
sufficiently advanced. The time available for placing a fortress in & 
state of defence is generally brief. The work, therefore, demands well- 
considered arrangements, and the utilisation of all the roBonroes of 
the surrounding country. 

The men employed on the works can, if it is not desired to 
refcain them within the fortress, be sent away on the approach of tlie 
enemy. 

II. — Measures to bk taken on the Advance op the Enemy. 

The besieger advances to the attack in numerical anperiontj 
and concentrically. The defence should not, therefore, expect to be 
able to arrest the enemy beyond the effective range of the guns of 
the fortress. If a portion of the garrison is pushed beyond this limit 
in order to hinder the advance of the enemy, the latter, moving on a 
broad front, can easily plant a detachment in rear of such a force and 
cut it off. Boconnaissances alone should, therefore, be ondertaken— * 
task which belongs to the Cavalry, aided by Artillery. 

How far the Cavalry should move out to perform this duty will 
depend on the available information, and on the measure of intelli- 
gence which it can itself obtain. Hence the Cavalry should alwajs 
be in communication with the fortress by a chain of forts, or bf 
telegraph. If this condition is ^filled, the Cavalry may be aevenl 
days distant from the fortress, in order to ascertain the truth of such 
information as is forthcoming. If the reoonnMSsances determine the 
approach of the enemy, the positions within range of the guns of 
the fortress, and in which the garrisons can scarcely await events^ should 
be occupied. The general reserve should be drawn together on the 
front threatened, iu order to be ready to act against the investmenti 
But on no account should there be an advance beyond the eflfeotiTe 
range of the fortress guns. Military history, in the sieges of Daniig, 
Sebastopol, Belfort, and Soissons, has shown us the fiftte of advaiieed 
detachments. 

Examples. — At Danzig, the defender pushed out a foroe 15 miki 
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to Dirachan, providing it, moreover, with a snpport. The detach-^ 
meat was snnonnded and destroyed. The demoralising result was 
the drawing in of all the detachments to within 4 miles of the fortress. 

At Sebastopol, an army of 33,600 men was employed to arrest 
the besiegers, 62,000 strong, at the Alma, 30 kilometres from the 
fortress. The defenders were defeated with a loss of about 5,700 
men. 

The defenders of Belfort intended to resist the enemy advancing, 
20,500 strong, at Oros-Magny and Boppe (Plate 2). The Qtob- 
Magny detachment was driven back into Belfort. Boppe had to be 
abandoned in the night, without having really hindered the advance of 
the besiegers. 

Finally, at Soissons, the defenders attempted a useless resistance 
west of Yenizel. 

The miscarriage of undertakings of this kind is the result of 
numerical inferiority, and of the general position of the defence. 
Where the detachments of the garrisons have not recognised these 
conditions and retired, a catastrophe, which must have been detri- 
mental to the morale of the troops, has occurred. As far as the defence 
of a fortress is concerned, such undertakings are uneless. 

I [I. — MSASURES TO BE TAKEN AGAINST THE INVESTMENT. 

Although the defence cannot obtain any satisfactory results against 
the advance of the enemy, there will nevertheless be favourable oppor* 
tunities for successful action against the investment 

In order to cut off the fortress from the outside world, the 
besieger must divide and execute a flank march round the position. 
This march can, it is true, be carried out beyond the range of the guns 
of the fortress ; but in accidente and wooded ground, and particularly in 
the cases of fortresses d cheval of a great river, it can be met and 
checked without danger to the defender's force. The operations of the 
latter should be directed against the heads of the enemy's columns of 
march, and especially against the passage of rivers or streams. To act 
against the flanks of the enemy's columns will clearly be useless, 
since, in making such an attempt, a force would risk being surrounded 
by the besieger's troops arriving from all sides. 

To carry out such operations successfully, the defender must be 
able to count on good Cavalry observation and numerous bridges in 
order that the proper moment may be recognised. While the mobile 
portion of the defender's force on the threatened front stands ready for 
the offensive within effective range of the fortress guns, the Cavalry 
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mast watch the flanks of the enemy. In the case of fortresses on great 
rivers, Cavalry observation is particularly necessary on that side of the 
river which is not yet threatened. The defender will thus obtain 
information as to preparations for crossing the river, and be able, in the 
event of any error on the part of the besieger, to carry oat a snccessfiil 
offensive beyond the range of his guns.* 

At the siege of Paris there was an example of snch an operation in 
the sortie from Chatillon on the 19th September. The operation 
failed, since there had been no observation of the movements of the 
besieger, and the reconnaissances were insufficient, so that the attempt 
was made against the flank of the investing column, and not against 
the head, nor against the passage of a river. 

Briefly the proceedings were as follows : — General Ducrot, with 
the 14th Corps, stationed between and behind the forts on the south 
of Paris, wished to attack the flank of the columns of march of 
besieger which had appeared before Paris on the 17th September, and 
which he knew were moving round the fortress, intending by an 
advance from Chatillon to drive them back to the Seine. Bernis' 
Cavalry brigade had made a previous reconnaissance on the 18th 
September towards Bievre, and was repulsed by Infantry fire at Bois 
de Verrieres. On the 19th, Ducrot ordered a sortie against the line 
Villacoubley — Bois de Verrieres, and intended to advance his right wing 
to Velizy. This sortie, made with the object which Ducrot proposed, 
had no prospect of success. Ui^dertaken with a numerical and moral 
inferiority of force, without sufficient information as to the enemy's 
movements, and in a direction which was also that of the enemy's 
march, the operation was sure to be nipped in the bud. The attack, 
begun at 6a. m., only attained the development shown in Plate 5, although 
there was hot fighting till I p.m. By about this time there were two 
German Army Coi^ps ready to drive back the defender's forc^ indi- 
vidual portions of which soon began to take to flight. The result of the 
retreat was the abandonment of the ground occupied in advance of the 
south front, and a closing in of all the troops on Paris. The intervals 
between the forts, as well as the terrain of the south front, were not 
reoccupied till the 22nd September. 

The defender should undertake such a distant attack only- if the 
advance of the besiegers has been thoroughly observed, if the move- 
ments of the latter are known with certainty, or if errors in their 
dispositions have been discovered. Under the conditions which 

* It is a drawback to a fortress to be very weak in Cavalry. In this case the 
latter will find it difficult to carry out the t4i8ks above described, and thus the dehaet 
may be obliged to forego such undertakings. 
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obtained before Paris, a sortie on the sonth side was onlj possible on 
the 17th September from Villojuif and Vitry against the bridging 
operations of the Vth Corps at Villeneave St. Georges. But in order 
to have been able to recognise the opportunity, a well-organised system 
of observation was necessary. The moments which favour operations of 
the defenders beyond the range of their guns are of brief dnration. 

How far the efiective range of the fortress gnns extends, depends 
entirely on the gpronnd. A tactical study of the latter can alone enable 
it to be decided how far to advance without danger. If, according to 
the above views, an offensive beyond the raage of their guns is rarely 
advisable for the defenders, the question arises as to where, within 
range, the first resistance should be offered, and with what object. 
The most favourable line at which to fight appears to be that of the 
positions from which the besieger cau shell the forts. The object of 
the resistance to be offered here is to ascertain the strength and inten- 
tions of the besieger. 

rv. — ^Measures to be taken against the Occupation of the 

First Positions of the Attack. 

The sites of the besieger's first batteries are within effective range 
of the gnns of the fortress ; since, assaming equal ranging powers, 
the positions from which the fortress can be shelled can themselves be 
shelled from the fortress. The form of the ground determines the 
positions on every front which the besieger must occupy. Whether the 
occupation of these positions takes place simultaneously on all the 
fronts, whether they are occupied one after the other, or whether 
they are ooi^qnered section after section before the investment, depends 
on the strength of the defence. In any case, these positions should 
not be abandoned without fighting ; since, during such fighting, an 
opportunity of learning the strength of the besieger is obtained. 
If the latter proceeds to drive in the defenders befoi*e the investment, 
it will be a sign that he is weak, and that the sites for the first batteries 
sbould not be given up without serious fighting. If the besieger is so 
strong that he begins to drive in the defenders simultaneously on all 
the fronts, it will scarcely be possible to make a long and energetic 
stand. If several of the positions occupied are taken by the besieger, 
the defence will abandon the rest for fear of being surrounded. 

After the loss of the sites of the first batteries, the defence ought 
to noake no sorties for the purpose of retaking them ; since such 
operations are costly, and as a longer retention of individual positions 
will be impossible, the result will not be worth the sacrifice. An 
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offensive is advisable only if individual positions, the regaining of wliieb 
aflbrds a ])rospect of maintaining command of the more disUot 
terrain for a longer time, are lost ; sorties directed against these loit 
positions are first necessary when there are signs that the batteries an 
being built, and should bo undertaken for the purpose of destrojing 
the batteries. In such a case, the sorties have a definite object, the 
accomplishment of which will have a sensible effect on the course of 
the siege. 

Examples. — Tho defence of Danzig (Plato 1) affords an example of 
the effect of the retention of the more distant terrain in hindtfing 
the taking up of the first position by the attack. The betdegens 
18,000 strong, at first invested the fortress only on the left bank of 
the Weichsel. The defenders maintained themselves at about 1,000 
metres in front of the ramparts, and thus prevented the besieger from 
taking the heights which he required in order to open his Artilkiy 
fire. From the 12th to the 2()th March, the defender held these positioDS, 
notwithstanding that they lay beyond the support of the fortress gnns 
of that day ; but this successful resistance was only rendered possible 
by the fact that the garrison was tolerably strong (about 15,000 men). 

During the period stated, the besiegers here and there succeeded 
in suq)rising and taking individual posts, but were compelled bj 
counter-attacks on the part of the defence to abandon them again. 
These successes appear, unfortunately, to have led the defenders on to 
more extended operations with a view to drive back the investiDg 
force. On the 2],st March, they made a sortie to Wonneherg, 
about 2 miles from Danzig. This sortie was repelled with great 
loss. The great sortie of the 2Gth March met with the same fate. 
The result of this latter failure was the loss of the advanced posta 
We thus learn from the siege of Danzig how dangerous it is for the 
defender to venture too far in his sorties. The shattering of tbe 
troops in these fights was the cause of the rapid loss of positions 
which had previously been successfully held, and of the later onfor- 
tunato course of the defence, since meanwhile more necessary tasb 
were neglected. The defenders of Danzig were right in making oonnter- 
attacks in order to reconquer the lost posts of the distant temio, 
since only individual posts had been lost, and their rooccupation afforded 
a prospect of succes.sfully holding on to the distant terrain for a lorigv 
period. Although, in this instance, the terrain beyond the effective 
range of the fortress guns was held for fourteen days, this fact must 
not bo considered as normal, since the defence is seldom so relativelj 
strong in Infantry as was here the case during the first period of the 
siege. A resistance offered at the first positions of the attack would 
have boon easier, and would have sornred the same results. 
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The defenders of Belfort also at first — from the 3rd to the 22nd 
November — held the distant terrain, which included the first artillery 
position of the besieger. In the fighting from the 22nd to the 28th 
November, this position fell into the hands of the latter. The fortress 
Artillery conld not support the advanced posts. Attempts to retake 
them fiedled. OSemont only was reoccapied, since here the Artillery 
fire of the fortress compelled the besiegers to abandon the place. 

The sortie of the *24th November, undertaken with the object of 
recapturing Essert, ''the Mount," and Cravanche (Plate 3), clearly 
shows the difficulty and purposelessness of sorties for retaking the 
positions of the first batteries, if the besieger has occupied the whole 
front. If this ground is once lost, it is not worth while to expend force 
on retaking it; since a long-continued occupation of all positions is 
impossible by reason of the defender's weakness in personnel. If the 
positions have not been retained on the defensive, it is improbable 
that they will be reconquered with the means available. 

V. — Employment or Troops. 

In accordance with the principles above laid down, the defence 
should not attempt any extended ofiensive. A gradual retirement 
within effective range of the fortress guns, combined with good observ- 
ing of the enemy, appears to bo the best policy. The first stand should 
be made at tlie positions which the besieger requires for his first 
batteries. % 

a. Infantry, — The defender must consequently garrison the forts and 
enceinte very sparingly with Infantry in order to be able to dispose of 
sufficient forces for the above purpose. So long as the terrain is held, it 
appears unnecessary to keep an Infantry garrison in the forts ; on the 
other hand, the latter must be strongly gairisoned with Artillery, which 
will furnish the guards of the works. These conditions need not be 
changed so long as entrenched positions, 1,000 metres in front of the 
forts, are held, and the Artillery fight has not begun. 

If an enterprising besieger makes a successful dash through the 
Infantry positions and attempts to escalade, the artillerymen not 
required for the service of the fiank guns will suffice to check the opera- 
tion with their small arms till reinforcements come up from the rear. 

The abandonment of the idea of a far-ranging ofiensive leads to 
strong independent garrisons for the several sections of the defence 
and the setting apart of only a small general reserve. 

The commandant of a besieged fortress cannot personally direct all 
the minor operations over such a wide field of action. If ho busies 
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himself with details on the front attacked, he will readily losethe 
general sapervision and clear view over the whole ; he will he apt to 
neglect the remaining fronts, and as in the case of Danzig, the hesieger 
will snddenly surprise him at an nnexpected point. 

Independent section -commanders acting at the probable pointed 
attack, disposing of strong section reserves, including Cavalry and Fi^ 
Artillery, and at the same time directing the Artillery defence, can alone 
order the successive stages of the drawing in on the fortress. The 
commandant has only to preserve unity of action on the part of the sec- 
tional commanders, and to give them general directions in accordance 
with such information as he may receive. 

The small general reserve which the commandant holds at his own 
disposal must be under the orders of an officer junior to the section 
commanders on the fronts attacked, in order that this reserve may be 
placed at the disposal of any section without upsetting the commands. 

The harmony of action of all the arms can only be secured when the 
section commanders are in constant communication with the Artillery 
in the forts. They direct and give the orders for every operation which 
is carried on in their sections. 

It is necessary for the independent section commanders to have 
large staffs, since they stand in the same relation to the commandant 
of the fortress as the divisional commanders in a field army to the 
corps commanders. 

The desirability of strengthening the troops symmetrically as faru 
possible is another argument against the setting apart of a lar^ge 
general reserve. The advanced portions of the section ganvons 
require reliefs, and the more frequently these reliefs can be carried oat 
the fresher the troops will be. 

The following detail should be followed as long as possible : — 
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h. Cavalry. — Up to the completion of tlie investment of a fortran, 
Cavalry is the most important arm of the defence. Daring this period 
the defender cannot have too much Cavalry. It is recommended, 
therefore, that a Cavalry Corps shonld be given to a fortress dnring the 
earlier operations. This Corps would operate in full communicatioB 
with the fortress, and act against the flanks of the enemy's colamni 
during the iuvostiug movements. If, however, the commandant hss 
no strong Cavalry force at his disposal, he should keep his Cavsby 
together as much as possible, and use it independently, in order to 
obtain information as to the enemy's movements. The besieger will 
outnumber the defenders and possess a numerous Cavalry. The Cavalij 
of the defence must, therefore, up to the completion of the investment 
be handled as an independent portion of the general reserve, which is 
detached on the threatened front. After the completion of the invest- 
ment, the horses can bo distributed among the several sections and 
used for draught purposes. 

c. Qan^ison Artillery. — Artillery alone should form the garrisons of 
the forts. When the siege batteries first open, the Artillery of the 
defence replies vigorously with every available gun, and carries on 
a duel which may perhaps last weeks and months. 

The Artillery combat can only be carried on advantageoasly by d»j. 
If proper observations are wanting, no effect can be relied upon. To 
shoot without observing is to waste ammunition, and this the defence 
must carefully guard against. Hence, night firing must be reduced to 
a minimum. Night firing must not, however, be altogether given np, 
especially by a defender weak in Infantry, who will find it absolntelj 
necessary to prepare the way for sorties. Assuming that, for night 
firing, only ^ to | of the guns mounted are told ofi'for particular objects, 
and that the Artillery fight is carried on with every available gun for 
twelve hours by day, it appears that, having regard to the sparing of thi 
troops and to the work required in connection with ammunition sopptj* 
the gunners should only serve their guns on every third day. This 
requires twenty men for each gun engaged, reckoning eight men fi» 
the gun detachment. 

The following table gives a detail of the duties of the gnn detach- 
ments of four guns, if all the guns are in action by day and oolf 
one at night. The eighty men required are divided into ten detach- 
ments. 
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Under this system, a company at war strength can serve about ten 
gans. 

No Bpeoial detachments need be provided for the flank gnns, since 
the latter only oome into action when the gnns of the fronts have been 
silenced. This applies also to the light rifled gnns, which during the 
Artillery combat are kept nnder cover. 

Artillerymen not required for service in the forts form part of the 
general reserve, and are employed in preparations for the constrnction 
of emplacements between the forts. 

If the above demands are f alflUed, the available Artillery force will 
be insafficient. Hence the defenders will always allot a portion of 
the Infantry to Artillery duties. 

cL Field Artillery and Pioneers. — A portion of the Field Artillery and 
Pioneers are detailed to the several sections. The greater part of the 
former, however, is posted to the general reserve, in order to be able 
to act powerfnlly in any direction against an assault. 
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So long as the straggle is still carried on in front of the works, the 
forts are not the place for the Pioneers. 

VI. — Operations of the Defence after the Loss of the Fmt 
Position required by the Attack cp to the Opening of m 

Bombardment. 

After the loss of the site of the besieger's first Artillery position, tk 
defender must make every possible effort to prevent and hinder tlie 
construction of the siege batteries. This can only be effected bf 
reconnaissances with a strength not exceeding one company, directed 
against the positions where it is supposed the batteries are being bailt 
These operations should be of the nature of surprises under cover of 
darkness, and should be made in numerous directions. It is therefore 
impossible to prepare the way for them by means of Artillery fiie. 
On the other hand, after such reconnaissances are over, the Artillery will 
immediately find an opportunity to fire on the besieger's forces whid 
have been brought together to repel them. In order that the Artilleij 
may be able to carry out this task without endangering their owb 
people, telegraphic communications to the rear and optical signals tre 
necessary, so that the Artillery may know the positions of the recon- 
noitring parties. The officer who directs the Artillery fire should be 
with the leader of the reconnaissance. 

If these reconnaissances discover strong forces massed, or batterj 
construction going on, the Artillery must fire accordingly, while the 
section reserve is placed in readiness for a sortie in force, in ordir 
to destroy the works. Preparation by Artillery fire is particulaHj 
necessary, if the besieger employs a strong covering force for hii 
works. In this case the Artillery must, during the sortie, fire ai 
greater range in all directions which do not touch that of the sortie, 
so as not, by the cessation of fire, to give the enemy warning. More- 
over, by firing over the heads of the reconnoitring party, tbe 
enemy may be deceived. Thus optical signals are specially necessazji 
which, by showing a light to the rear, serve to indicate the podtioo 
of the reconnoitring party to the forts. It is desirable to providi 
two- wheeled carts to transport these signals, or a telegraph line. 
Such carts would follow the party, take up assigned positions io 
front of the outpost line of the fortress, and thence direct the oesBi- 
tion and re-opening of the fire of the forts. 

Cavalry should not be employed in these operations ; nor can YkHA 
Artillery be advantageously used in such night sorties. The duty of mp* 
porting the sorties must be left to the Garrison Artillery. In the case of 
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sorties delivered in the earlj morning, the Field Artillery mnst be held in 
readiness for employment in covering the retreat. 

ETsamples. — The defenders of Danzig, in this period of the siege, 
effected nothing of importance. They endeavonred, by combined 
Artillery and Infantry fire, to stop the advance of the besiegers. The 
force of the InfiEtntry was expended too soon, by fighting in the further 
terrain of the fortress, so that great sorties for the purpose of destroy. 
ing siege works could not be undertaken. On the right flank only, the 
Infantry made an indirect advance against the works of the attack. 
On the 4th April they recovered a small entrenchment (Plate 1) 
which had been lost, and from thence endeavoured to hinder the 
attack by flank fire. The attempt was without result. By the 11th 
April, the besiegers had gained possession of positions for the 2nd 
parallel in spite of heavy front and flank fire. 

The defenders of Sebastopol allowed the positions for the first siege 
batteries to be occupied without fighting. From the 3rd October, they 
directed a heavy Artillery fire on all the supposed battery sites on the 
fronts threatened. When, early on the 10th October, the French 
siege works were discovered, they were fired at day and night from 
the fortress ; small bodies of volunteers were sent out to reconnoitre 
the batteries. Marksmen, posted in front of the fortress, fired at the 
enemy's works ; but no sorties were made for the purpose of destroy- 
ing them, and the efiect of the fire was not turned to account. 

The defenders of Belfort, after they had been driven from the posi- 
tions required for the first batteries of the attack, directed their Artil- 
lery fire on the supposed battery sites. Every gun thus employed was 
supposed to fire one shot an hour. The Infantry attempted sorties in 
order to recover the lost positions, but did not make reconnaissances to 
see what was going on. The small sorties directed against the villages 
occupied by the enemy were without result. 

The defenders of Paris made many sorties in force after the sur- 
render of the siege battery positions. These were partly of the nature 
of reconnaissances, and partly i^ttemp(s to break through the investing 
line. 

Future defenders of fortresses can learn much from these sorties, 
and will recognise that such operations should not be carried on beyond 
the range of the fortress guns ; that they should be of the nature of 
surprises, and that they need advanced Infantry positions. The 
defenders of Paris, in October, after they had recognised the importance 
of such positions, developed a system of counter-approaches, which, in 
some places, extended to 2,000 metres in front of the forts. Such works 
should be thrown up as far as possible before the arrival of the besieger. 
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so that daring this period of tho attack no nnneoessarj laboar maj 
Lave to be expended on them. 

One reconnaissance-sortie made by the defenders of Paris — thai 
of Chatillon on the 13th October — may be mentioned here as show- 
ing the object and the advantage of sorties at this period of the siege. 
At 9 A.M., a reconnaissance of about 25,000 men and 80 gnna, openi- 
ing from the counter-approaches (or, which is the same thing, fron 
advanced Infantry positions) was undertaken from the south frooL 
Glamart and Bagneux completely, and Chatillon parUally, fell into tke 
hands of the defenders. The force maintained itself till 2.30 p.il ii 
the investment line, and obliged the besiegers to deploy the whole Iliii 
Bavarian Corps. The loss on both sides was nearly equal — about 400 
men. This sortie, undertaken by day on a front of 3,500 metrn, 
penetrated to the line of investment and the vicinity of the reoeotif 
created Artillery position. 

VII. — Thk Opbnino of the Besieger's Battebibs and the Abtiuebt 

Combat. 

The besieger may open fire with his first batteries at 2,500 mdm, 
or further, from tho forts ; the latter must immediately take up the 
action with all their heavy guns. The moment of openings fire is moit 
important to the defence. It places the latter at a disadrantage in lU 
engagements in the terrain of the fortress. 

The Artillery of the defence also, although numerically superior, 
fighte at a disadvantage, since the siege guns converge upon it. Hflsoe 
the defence must do all in its power to hinder the constraction of ibi 
siege batteries. This function cannot be accomplished by the Artifloy 
of the defence alone. The latter can only prepare the way for tb 
destroction of the works of attack ; the Infantry must effect it 

The Artillery of the defence lias, therefore, during this period iw 
tasks: — 

1. To keep down the fire of the siege batteries. 

2. To prepare the way for sorties. 

Both tasks can bo simultaneously accomplished, if, to keep dowi 
the fire of the attack, shell and shrapnel fire are judioioosly oombined-' 
that is, if tho defence does not employ front fire alone, but alsooblifM 
fire from different sides. Thus the heavy g^ns.in the forts will not ' 
suffice by themselves. The field batteries must oome into actum tf 
well. Further, it appears desirable that a great part of the light gm 
of the general reserve should be rendered available for employmeBt u 
movable batteries immediately on the opening of the enemy's te 
Both the Field Artillery and such guns of the general reserve as osn bi 
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proyided with teams must movo oat as far as possible in front of the 
forts, under cover of the advanced Infuntrj posts, and fire obliquely 
aod with shrapnel against the siege batteries. In many pianos it will 
be necessary to cover these guns by Infantry, in order to keep the 
enemy's riflemen as &r as possible from them. 

If the Artillery of tbe defence is thus handled, the ground in the 
neighbourhood of the siege batteries will be under such a fire that the 
enemy cannot keep strong reserves near his batteries, and thus the 
way for sorties will indirectly be prepared. Only when the positions 
of the reserves covering the siege batteries is known should special 
gnns be told ofE to shell it. To shell tbe ground indiscriminately 
appears a waste of ammunition in view of the limited resources of the 
fortress. On the other hand, if the siege batteries are protected against 
sorties by works, the latter must be shelled by the heaviest guns in 
order to render a sortie possible. 

On ground which is much intersected by valleys, where the em- 
ployment of Field Artillery and a movable armament is not possible, 
light rifled mortars, possessing a range of about 2,000 metres, and pro- 
Tided with two-wheeled ammunition carts, are recommended. Such 
mortars can also be suitably employed even in the advanced Infantry 
positions. Field magazines for them should, therefore, be constructed 
in these positions, and replenished under cover of darkness. 

From the beginning of the Artillery combat, the Artillery is fully 
occupied. The Infantry must, therefore, take over the duty of gnard- 
inf^ the forts. For this purpose it will be best to bring up Infantry 
from fronts which are not threatened, and detail them as garrisons for 
the forts. The full garrisoning of the forts with Infantry is not at 
present necessary, since the advanced positions are still held. 

The Artillery combat must be carried on day and night. The 
activity of the Artillery of the defence must be seconded by sorties 
delivered for the purpose of destroying the siege batteries. The sorties 
should be directed against those Artillery positions by which the fortress 
is most endangered. When the sorties are delivered, the fire of the 
fortress guns must be directed by the commanders of the sorties. 
Surprise of the besieger, rapidity of movement, and the deployment 
of superior forces, are the conditions of success. 

Whether such operations should be undertaken by night, during 
thick weather, or at daybreak, depends on the special conditions on 
both sides. A defender strong in Infantry, with well-developed ad- 
vanced In&ntry positions, will be able, if the ground is favourable, to 
make sorties by day. If the defender is weak, the cover of darkness 
will be necessaiy. Such a defender will be obliged to attach more 
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valae to night fire, since his sorties will need Artillery preparation. 
The sorties mast advance against their objectives in several colniuiu, 
reserves and working parties following in second line. Individul 
oolamns should be as strong as possible, so as to be numerically superior 
to the enemy's force posted in first lino and covering the objective. 

Examples. — The besiegers of Danzig opened fire against the west 
Jront with 72 guns forty-five days afler the investment was com- 
pleted. The defenders replied vigorously. They had 145 guns (inclading 
flanking guns) on the fronts attacked, and their fire was directed first 
against the enemy's batteries, and later against his approaches. From 
the day after the opening of fire, the defender's Infantry made small 
sorties daily between nine and ten in the evening, at first employing one 
column, later several columns about 300 strong, with a working party 
of 150 to 250 men to destroy the siege works. Theso sorties failed, 
since the sudden cessation of fire of the defender's guns placed tbe 
enemy on the alert, and enabled him to bring up bis reserves at ihe 
right moment. In spite of the heavy fire of the defence, the attack 
daily gained ground under cover of the fire of the siege batteries. Tbe 
defender's Artillery only effected one success. A redoubt on the 
enemy's right was silenced by concentrating all available guns upon it 

We see, therefore, that the defenders of Danzig attempted a 
co-operation of the arms. The attempt did not succeed, because the 
Infantry had expended itself in the earlier fighting, which it had 
earned on alone, and because the sorties were revealed too soon hf 
the cessation of fire. The distance to the batteries was too far; the 
covering troops were nearer to tbe latter than the positions from which 
the defenders delivered their sorties. 

The defendera of Sebastopol, when the besiegers opened fire, had 
341 guns on the fronts attacked. They replied most vigorously to the 
120 guns of the attack, and dismounted several. Nevertheless, it was 
only want of ammunition which brought about the silencing of the 
besieger's batteries, and gave the Artillery of the defence an opp<v- 
tunity to develop an activity almost without parallel in miUtaiy 
history. The Infantry of the defence at first did nothing to aecond 
the partial successes of the Artillery. They established a chaiD of 
posts in front of the works, and watched the enemy. The Artillery fiio 
was directed by the information thus obtained. This systefn led to 
the supply of very false intelligence, and required a large force to 
garrison the long line. Hence, later on, pickets of twenty-fiye men 
each were posted by day at selected points. With these picketa were 
listening posts, and men told off to watch the effect of the fire. If a piokei 
discovered the enemy's works, it retired, and the Artillery then fired with 
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)bell for a qaarfcer of an hour in the direction indicated. These tactics 
3ad no roenlt. The besieger constantly approached. The defender 
^nseqnentlj constmcted Infantry positions disadvantageously ad- 
p^anced, termed connter-approaches, and later made sorties from them 
sigainst the works of the attack. 

At Sebastopol, we at first find the Artillery and Infantry not acting 
together to obtain their objects. The Artillery was expected to destroy 
the siege batteries by itself. Moreover, we note an enormous waste of 
eirtillery ammunition. Thus — to give only one instance — on the first 
day of the bombardment, 20,000 shots were fired against the siege 
batteries without any possibility of observing the results. 

The defenders of Belfort replied with 60 to 80 guns to the 
besiegers, who opened ^re with 27 guns. The Artillery of 
the defence shelled the enemy's batteries, the roads, as well as the 
expected site for the construction of batteries, and any visible 
bodies of troops. The Infantry, driven in on the line of forts on the 
western front of attack, carried out fruitless sorties. The Infantry 
positions of the defenders of Belfort lay too far from the forts. The 
Artillery of the fortress could not lend support to these positions. The 
Infantry garrison was too weak to ofier serious resistance in the dis- 
tant terrain. The Infantry posts were, therefore, easily lost, and, at 
the moment when their r61e should have begun, were in the hands of 
the enemy* This early loss of the posts in the terrain of the fortress 
was favoured by the arrangement of the commands. All the inde- 
pendent posts were directly under the orders of the commandant, a 
circumstance which rendered all mutual support and unity of action 
difficult. 

Thns, at Belfort, the Artillery engaged the siege batteries without 
Infantry support, although the intention to support it by Infantry is 
apparent. The action of the defenders* Artillery was rendered all 
the more difficult, since it was carried on in two lines. The weak 
first line in the forts was soon overpowered by the convergent fire of 
the attack. The second line in the fortress had to act at too great a 
range, so that results against the siege batteries could hardly be 
expected. That the defence of Belfort was so prolonged is to be 
ascribed more to the extremely unfavourable conditions of weather 
under which the attack had to operate, and which rendered works and 
transport difficult, than to the measures taken by the defence. 

The preparation of Paris for defence was incomplete when the 
besiegers opened fire. According to Ducrot, the guard armament of 
the forts should have consisted of 658 guns. For the war arma- 
ment, 650 fortress and 192 field guns additional were required. 

L2 
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It is doabifal, however, if this materiel was in Paris, since a part of it 
was first brought np from the provinces when the fortress was threat- 
ened. When the besiefifers began tlie bombardment on the east front, 
the forts coald not reply, since no heavy long-range gnns had ben 
mounted. By the 6th January, the defenders had moanted fbiif 
long-range naval guns, in the forts and intermediate works of the €ut 
front, which inflicted little damage on the attack. The Infantrj oo 
the east front only made reconnaissances, and carried oot no gmt 
operations against the enemy's batteries. On the sonth side, when 
the fire was opened on the 5th January, the forts replied vigoroiuly. 
Their Artillery held out bravely, in spite of the harassing fire of the 
besiegers. Thus, after the Artillery fight had lasted ten days, ihen 
were still 20 guns in action in Fort Montrouge. Here the lo- 
fan try made little sorties, which did not succeed in surprising the 
besieger, and were therefore without result. Only one sortie, under- 
taken by 300 Marines, according to Ducrot, reached a siege battery 
which had been begun at Clamart, and caused some destruction. On 
the south front, emplacements for Field Artillery were thrown up 
between the forts as a support to them. During the Artillery fight 
on the northern side, similar measures were taken. 

The defenders of Soissons replied to the first opening of the siege 
batteries with a lively Artillery fire. The besieger had 44 guns 
in action in enveloping positions. When the fortress vras gifen 
up, the defenders had still 94 serviceable guns on the rampsrts. 
Here it may have appeared a difficult operation for the Infantry 
of the defence to attack the siege batteries constructed on the steep 
slopes. Nevertheless, with a garrison 4,800 strong, it might well 
have answered to make an attack against the enemy's batteries, with 
from 1,500 to 2,000 men, instead of allowing them to be uselessly b'lled 
behind the ramparts. If the Infantry had occupied the terrain cif the 
fortress, such an operation would not have been too difficult. 

VIII. — The General Conduct of the Abtillert S'iee of 

THE Defence. 

Only general directions as to the firing should be given by superior 
authority. For the latter to lay down special tasks for individoal 
guns appears a questionable proceeding. The special emplojment of 
gnns must be left to the discretion of the officer conunanding a work, 
who should fight his gnns at his own discretion, in aooordanoe with 
the general directions he has received. The determination of indiTidvil 
objects to fire at must be left to the officer in oommasid of the ArUBefj 
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of a face of the work. If, in the broad directions giyen to each work, 
the general tasks to be performed by each face or gronp the gnns of 
which are to act in concert, are laid down, and if the commanders of these 
groups detail to their snhordinates the directions received, having 
regard to the tactical conditions, there will be a safficient guarantee 
for unity of action. 

The directions should include the general management of the 
Artillery positions, the objecte to be attained by each individual Artil- 
lery line, the expenditure of ammunition. Every officer must know 
what he has to do. 

The fire of an ' Artillery line ' — i.e., of several guns mounted in 
one line, but laid on different marks — must be directed in detail, in 
order that individual shots may be properly observed. The observation 
can best be conducted from the nearest advanced Infantry position, 
thus necessitaHng telegraphic communication ; but should be carried 
on from the g^n itself as well. 

The commander of an Artillery line usually occupies a position 
where an observing station has been made for him. He communicates 
by telephone with the most convenient advanced post, gives out the 
mark,*the rapidity and the order of firing, and corrects the direction 
of the fire of individual groups. 

In order to support sorties, it is recommended that the officer 
directing the fire should be in the advanced Infantry position from which 
the sortie is delivered, in order to be able from thence to direct the 
fire. 

Groups of guns — t.f?., several guns, usually of similar class, told 
off to fire at a single object — should be commanded by subalterns. The 
commanders of these gproups direct the fire in accordance with their 
own observations made from the position of the guns. They should 
know the tasks which their groups can accomplish, and should make 
all necessary arrangements, so as to be able rapidly to change the 
object aimed at, on the order of the officer in general charge of the 
firing. 

IX. — Conduct of the Defence after the Loss of the Advanced 

Infantry Positions. 

The besieger need not by any means disclose his direction of attack 
on opening fire. If his first Artillery position is an extended one, if it 
envelopes half or a third of the fortress, the special objective will still 
be unknown. And the besieger mnst take this course if he wishes to keep 
hiB objective secret, if he intends a surprise. The fire from the first ArtiK 
lery position of the besieger, which, on account of the advanced Infantry 
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positions, must be at least 2,500 metres from the forts, cannot bring tLe 
contest with the defender's Artillery to a close. It will only be able 
to keep down the fire of the forts, and to prepare the way for the 
capture of the advanced Infantry positions, failing the possession of 
which the besieger's Artillery cannot be brought up to decisive range. 
The operations for the capture of the advanced Infantry position 
must be undertaken over a fai* more extended front than the attack 
itself requires, in order not to disclose prematurely the direction of the 
latter, and so as not to leave in the hands of the defenders important 
folnU d\ippui from whence flanking counter-attacks can be delivered. 
So long as the Infantry and Artillery of the defence are not shaken 
by a cross-fire of heavy siege guns, the assault on these well-entrenched 
advanced positions, which should be defended with all availaUe 
resources, appears to be impossible. If single positions are lost, eveiy 
effort must be made by the defenders to retake them ; since it is only 
by holding these positions that the fighting capabilities of the forts can 
be maintained. 

The besieger, however, with the inexhaustible resources at his 
command, will ultimately take the advanced positions. After their 
loss, the Infantry of the defence must still carry on the fight on the 
glacis and in the intervals between the forts, so long as the Artillery, 
supported by light guns from the general reserve, can maintain itself 
in face of the near approach of the siege batteries. At the same time, 
the defenders must make every effort to bring np heavy guns from the 
fronts not attacked, and mount them in rear, and especially on the 
flanks of the front attacked. 

If the guns of the forts are placed hors de combat, the Infantry mnst 
occupy these storm- free defences, and keep up a fire on the enemj'a 
approaches, while other bodies seek to take advantage of this fire, and 
of that of the Artillery in rear and on the flanks of the forts, by making 
sorties from the intervals. In order to be able to utilise the forts for 
the close defence by Infantry, it appears specially desirable to provide 
a glacis at effective Infantry range, and that this glacis should be 
countersloping, as has been stated above. 

The Artillery fire of the defence will be delivered from two positions: 
first, from the forts themselves, and, secondly, from the rear positions. 
In the forts, in provisionally protected positions at the foot of the 
cliemin des rondes, light and heavy, smooth-bore and rifled mortars can 
be kept in action. They will shell the enemy's approaches and 
batteries, and render it difficult for him to mass troops. 

The extent of the field of the near attack is limited, and it can 
easily be kept under a constant fire without waste of ammnnition. 
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/ movable gans can also be employed in rear and on the flanks of 
)rts. 

be efiect of the fire of the gang in the rear positions can Be well 
ved. These guns should regard the keeping down of the fire of 
lege batteries as their main object, and must have their observing 
•ns in the line of the forts. 

he defenders should give special attention to those batteries, which 
3eking to form breaches and to destroy the flank defences of the 
. It is specially important to keep down the fire of these 
ries ; since, so long as no breaches can be made and the flank 
ces remain intact, a fort properly provided with ammunition and 
sions cannot be taken. 

[istory proves the particular advantages of curved fire. In the 
nt day, we unfortunately attach too much value to flat trajectories, 
b, in field warfare, have unquestionably produced great results, 
^liich, in fortress warfare against well-covered objects, can be 
eflectively used. If the accuracy of vertical fire is relatively 
, the moral efiect is, nevertheless, very great, and by direct fire 
ng cannot be prevented. 

hns the besieger should be compelled to advance step by step 
rds his objective, and must ultimately resort to mining, 
ifantry. Artillery, and Pioneers in greater numbers, then form 
arrisons of the works attacked. The Engineers begin ofiensive 
4;ions with countermines, and are supported by the fire of the 
lery and by Infantry sorties. 

fter the approaches have arrived close to the works, after the fort 
>een laid open at one point, and the flank defence of the ditches 
3yed — tasks which the miner must accomplish — the next object is 
Icfence of the breach. For this purpose sorties from the rear 
ons, combined with Artillery fire, delivered more especially from 
auk positions, are necessary. 

hus, defending the ground yard by yard, and utilising the efiect 
>ir fire by means of sorties, the defenders will be able to ofier a 
ssful resistance until their resources are exhausted, 
one or several forts have fallen, the struggle must be carried on 
) way already described between the forts and the enceinte. In 
Else of a defender whose resources are weakened, the collateral 
enter in as a species of reinforcement. The defender will begin 
p the advantages of an enveloping position, if the besieger does 
proceed to take some of these collateral forts. The fortress 
it, however, presents no new features. 
tamplea, — In spite of the energetic resistance offered by the 
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defenders of Danzig, both with Artillery and Infantry fire, the besieger 
advanced rapidly, and four days after the opening of the bombardment 
had completed the 3rd parallel against the Hagelsberg. (Plate I.) 

The Infantry, which had previously expended its strength, did not 
carry out the sorties intended. Nevertheless, sharpshooters posted in 
the covered way prevented the approaches from being pushed on bj 
day, until the besieger had by the 7th May constracted a trendi- 
cavalier, which dominated the covered way. Sharpshooters posted in 
this trench-cavalier drove the defenders from the latter. Onljtk 
r^dnits of the covered way were still occupied. 

While the defender energetically held his own on the western side, 
but had, nevertheless, committed the error of engaging his Infaotrj io 
unequal combats at the beginning of the siege and thus weakening it, 
he had entirely neglected the other fronts of the fortress. The Danziger 
Nehru ng up to the Frischen HaET — a total extent of 5^ miles— wu 
occupied at the beginning of the siege by 1,448 men, and should have 
been held in order to keep up communications with Pillan. The 
Nehrung was lost on the 20th March at the first attack of the French. 
Attempts to recover it failed. Connection with the lake was cat off 
by the besieger occupying both flanks of the line of commnnicatioo. 
On the night of the Gth May, the Holminsel, the occapation of which 
allowed communication to be carried on at least by night between 
the fortress and the mouth of the Weichsel, was lost. By reason of 
this loss, an attempt to relieve the fortress by sea and land from PiUftQ 
failed. 

At the beginning of May, the approaches of the besieger from the 
3rd parallel against the Hagelsberg could not be checked by the fire 
of the fortress guns. Soon the latter became unable to hit the works 
of the besieger, and mortars were employed with good effect, while the 
infantry in the r^duits held the covered way. These circamstanoes 
compelled the besieger at the beginning of May to take to mining, 
since the obstacles in front — the palisades and the r^aits of the 
covered way — served to render an assault impossible, in spite of the 
known weakness of the defender's Infantry. 

At this period the successful sorties of the defence began. The 
RuceosB of these sorties is explained by the facts that the way for them 
was well prepared by Artillery fire, that they were undertaken in 
several strong columns, and that the latter were nearer to their objec- 
tives than the reserves of the besieger. Two sorties in particular— 
those of the 17th and the 20th May— may be noticed. The Brat WM 
directed in three columns against the works crowning the glacis, and 
destroyed much of them. The second was delivered against the 
descents into the ditches, and burned them. 
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Thus, for three weeks after the opening of the 3rd parallel at a 
istajice of 100 to 150 metres, the defenders held the besiegers in check 
f mortar fire and sorties, nntil negociations for surrender were begun 
1 account of want of powder and provisions. After a resistance of 
3 days the fortress was given up to the enemy. There were still 210 
ans standing on the ramparts. The besieger had worked at the 
■enches for 55 days. 

If the defenders had not undertaken impossible tasks at the 
3ginning of the siege, if they had limited themselves to the main- 
•nance of their coramnnioations with the sea, and if they had begun 
leir struggle with the besiegers on the heights on which the first siege 
itteries were built, the defence might have lasted much longer. 

The siege of Antwerp in 1832 may also be instanced as an example 

* a good Artillery defence. The fortress guns bravely kept up the 
gbt for nineteen days against great odds. GhxHl results were obtained 
Y vertical fire from covered positions, by which one siege battery was 
Ten silenced. By direct fire, on the other hand, the fortress guns 
fected nothing, though they were well served. The Infantry defence 

* Antwerp was bad. The covered way was not occupied, and obser- 
ition was indifferently carried out. The Infantiy sorties against the 
ege batteries were inadequate. They were undertaken with a force 

* from 9 to at most 40 men. No measures were taken for the defence 

* the breaches. 

The defenders of Sebastopol, after the first bombardment, extended 
le chequered rifle-pits on the front of attack so as to form Infantry 
inches. Even the bastions were strengthened by obstacles and 
inking arrangements, while their armament was increased. The 
assian army, posted outside the fortress at Mackenzie's Farm, 
.tempted at the end of October to operate against the rear communi. 
ktious of the besieger at Balacklava, but without the support of the 
•rtress garrison. Early in November, the Russian army, supported 
J two large sorties from the fortress, made a fruitless advance against 
le right wing of the besiegers. Only one of these sorties — that of 
le 5th November along the Quarantine ravine, made by about 8,000 
en and one battery under Timofejeflf — ^although not prepared by the 
rtress Artillery, reached the French batteries and spiked several 
ms. 

Towards the end of November the Infantry positions between the 
krbour and the Woronzofi* ravine, 1,000 paces in advance of the works, 
ere lost. At the end of December, the trenches in front of the central 
Mtions sn fibred the same fate. These Infantry positions had neither 
ifltacles nor r^duits. In spite of this, the besiegers did not think of 



148 

reaching their goal at this point, since they were aware that tbe 
defenders knew their direction of attack, had strengthened their defences, 
and resorted to mining. Hence, in February, the direction of tiie 
attack was altered to the Malakoff. This determination was farther 
strengthened by the fact that the Artillery attack on the left flank h«d 
not prospered. Since January 1855, the Bussians employed oan- 
yergent mortar fire against the siege batteries, by which those of the 
French, which were crowded together on the left flank, suflered 
severoly. When the defenders became aware of the change in the 
direction of attack, they immediately built several detached works for 
Infantry on the fronts threatened, one of which was 1,500 paces in front 
of the Artillery position. From the works on the left flank it was 
proposed to advance further by moans of counter-approaches. More- 
over, the Infantry here made little sorties by night against the 
siege works without success. Once only, in the night of the 22Dd 
March, a more serious attempt was made against the French 
approaches in front of the Kamschatka redoubt. In this attack 8,000 
men were employed. Demonstrations were to be made to draw off the 
watchfulness of the besiegers. Tbe attack failed, since the fortress 
Artillery, from want of ammunition, had not sufficiently prepared 
the way for it, and the prearranged demonstrations came too late. 
One of these false attacks, however, -succeeded in reaching the 3rd 
parallel of the English attack, and spiked a few guns. 

The Russian Infantry needed advanced positions. They were 
obliged, during the siege, to work in order to render the fortress de- 
fensible, rather than to fight in order to follow up the results obtained 
by the Artillery. While the Russian Infantry were more active with 
the spade than the musket, and produced astonishing results with the 
former, the Artillery developed unexampled energy. Although at 
many points kept down by the enveloping fire of the siege batteries, 
it nevertheless lasted out six bombardments, and always brought a 
numerical superiority of guns into action. In the first bombardment 
there were 341 guns mounted on the south front ; in the last, 1,259. 
The besieger in this last bombardment had 700 guns in position. 

This energetic Artillery defence, and the fact that the Artilleiy 
positions of the defenders were meanwhile rendered storm-free, com- 
pelled the besiegei-s to resort to raining. In the latter, the Engineers 
rendered more support to the Artillery of the defence than had hitherto 
been afibrded by the Infantry. The Engineers, with their systems of 
counter-mines, which lay below those of the attack, had been the 
principal cause of the change in the direction of the attack. The 
fortress finally fell by assault, which was possible only becaooe the 
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nrorks lacked the degree of storm-freedom possessed by permanent 
forts. Sebastopol held oat 305 days from the date of the appearance 
Df the besiegers on the front of attack. The advantages of this long 
ielay were not^ however, on the side of the defender alone. The 
besiegers also benefited by the lapse of time, since they at first em- 
ployed insufficient resonrces against the fortress. 

At the defence of Belfort also, the Artillery and Infantry did not go 
hand in hand. The Artillery was in action day and night till the 13th 
Febroary, without any support from Infantry sorties. The siege batteries 
aoon obtained the upper hand, in consequence of their greater number 
of guns. 

Only the guns of the defence in covered emplacements, and those 
which employed indirect fire at long range, held out. The guns of 
Fort Bellevue had to be withdrawn on account of an error in the 
armament, since it was impossible for such light guns to cope with the 
siege batteries. 

The Infantry restricted its action to the defence of the posts occu- 
pied. In the further course of the siege, two unfortunate sorties were 
made — one to recover the wood of Bavilliers, the other to retake Dan jou- 
tin. Besides this, the Infantry reconnoitred and demonstrated on the 
days of the fighting on the Lisaine. None of these operations succeeded 
in driving in the investment Hue, 

The defenders of Belfort had resisted for 103 days, when they were 
obliged by the orders of their Government to give up the fortress. 
This successful resistance was rendered possible by the unfavourable 
weather and the weakness of the besieger's resources. 

The fortress warfare carried on during the Busso-Turkish cam- 
paign was not fertile in lessons, although it affords some hints. The 
improvised fortress of Plevna shows the importance of the storm- freedom 
of positions. In the assault of the 11th of September the Russians 
penetrated into the defensive line, because it was not storm-free. 
The captured works, except the Grivitza redoubt, were certainly re- 
taken ; but only by strong Turkish counter-attacks from the rear lines, 
for the purpose of which attacks there were reserves of a strength 
which has never been available in the case of the defence of a fortress. 

The defences of Kars and Ardahan, even more than that of Plevna, 
bear testimony to the importance of storm-freedom, and give rise to 
reflections as to the carrying on of the Artillery fight in intermediate 
positions liable to capture by assault. 

X. — Conclusions. 

The following are, briefly, the conclusions to be derived from the 
examples cited : — 
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1. The obseryation of an onemy threatening a fortress can best be 
carried on by Cavalry. Danzig ; Sehaafopol. 

Infantry detachments pushed far to the front effect noihing in 
the way of observation. They merely hinder the progress of the 
works of defence. Danzig ; BeJfort, 

2. It is impossible to stop the advance of the besieger outside tlie 
effective range of the fortress g^ns. All sach attempts end dissdnn- 
tageonsly for the morale of the defenders — in defeat or even diflnker. 
Danzig; Sebastopol; Belfort; Smssons, 

3. The closing in of the besiegers round the fortress beyond ibe 
effective range of the fortress gnns, was not hindered in any one of the 
instances mentioned. Nevertheless, to hinder it appears theoretioaUj 
possible in special cases. 

4. The taking up of the positions of attack can be snooossftinj 
delayed by holding on to these positions. Danzig, 

By holding them, the defender obtains the best opportonity of 
reconnoitring the strength of the besieger. If these positions tre 
lost, offensive operations with a view to retake them are not to be 
recommended, since such operations do not promise success and are 
costly. Belfort, 

Only when individual posts are lost, is an attempt to recaptarstbem 
advisable. Danzig, 

5. The time for an energetic offensive on the part of the defenden 
arrives with the commencement of the siege works and battenes. 
This offensive must be supports by a powerful Artillery, and it wiQ 
then successfully hinder the progress of the attack. 

A powerful Artillery alone will not check the course of the attack. 
Danzig; Antwerp; Sebastopol, 

The effect produced by the Artillery must be followed up by strong 
sorties based on the principle of the surprise. 

For the purpose of such sorties, advanced Infantry positions mnsibe 
previously constructed ; otherwise the sorties will be unsnceessfsL 
Danzig ; Sebastopol ; Paris. 
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Part II. 

THE ATTACK. 

The attack, as compai'ed with the defence, has the advantages of a 
namerically and morally snporior personnel : of better though fewer 
guns : and of practically inexhaustible supplies. Supposing the choice 
of the front of attack to be open, there is the further advantage of being 
able to strike at the most susceptible part of the defence, or to surprise 
and defeat it tactically. 

But, on the other hand, the details of the fortress, the approaches 
to it, the formation of the ground and the methods of defence, exert 
a most important influence on the attack. 

The method of defence appears to be one of the principal elements 
that the attack has to take into account. However pronounced may 
be the superiority of the attack, on this depends its nature ; supposing 
always that the fortress possesses the necessary strength for the pro- 
posed method of defence. 

Sebastopol, Danzig, and Belfort are examples of the dependence 
of the attack on the method of defence. 

Before Sebastopol, where the defence at first only relied on the 
ramparts and their armament, the attack, though deficient in means, 
succeeded in establishing the first parallel without great loss, at a 
distance of 950 to 1 ,200 metres from the place, and in constructing 
siege batteries in this parallel. 

Before Danzig and Belfort, where the defence held possession of 
the ground in front of the place, sanguinary Infantry engagements for 
the possession of this terrain preceded the construction of the attack- 
ing batteries.' That these fights before Danzig did not allow the 
attacking Artillery to be brought up, was due to the sites of the defender's 
Infantry positions, which had been chosen beyond the effective range of 
the fortress Artillery. On the other hand, in the case of the south- 
east attack on Belfort, the capture of Danjoutin and of the copse and 
Tillage of P^rouse, forced the attack to construct a battery at Andel- 
nans and a second one east of Bavilliers against Danjoutin, to maintain 
two batteries (Nos. 13 and 14) at the northern end of Bosmont wood, 
abont 2,200 metres from the Hautes Perches, and later on to turn two 
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other batteries (18 and 20) against the above-mentioned advanced 
Infantry posfcs. In the western attack on Belfort, after the Infantry bad 
been driven from the insnfficiently fortified advanced positions, the 
construction of the batteries at a distance of 1,500 to 1,800 metres 
became possible. 

The engagements round Ardahan and Kars, in 1877, also demonslante 
the dependence of the attack on the method of defence. While, in front 
of Ardahan, the Russians, acting against a passive defence, were able 
to construct batteries without any other preparation at distances of 
from 2,000 to 2,500 metres ; at Elars, they were forced by sorties and 
Artillery fire to place the first batteries at a distance of 4,800 to 5,000 
metres from the place. 

These examples show that the nature of the attack is far more 
dependent on that of the defence than is generally assumed to be tbe 
case. For this reason it appeared advisable to discuss first the prin- 
ciples of defence. These principles, as laid down in Part I. of tbcse 
studies, should therefore be taken into consideration in connection with 
the following pages. 

I. — The Pbeparation for the Attack. 

A study of the history of fortress warfare shows how insufficeot and 
incomplete preparations for the siege of fortresses have been in the past 
An investment with weak forces follows the isolation of the object of 
attack and the attempts made to stop the defensive preparations. Bj 
degrees the attacking force is reinforced till it becomes a Siege Corps; 
the Artillery materiel comes up slowly, until it appears that such 
measures are insufficient to cope with the energy of the defence. 

This experience is dearly bought. It is only necessary to read the 
losses at the bombardment of Sebastopol (Weigelt, p. 305) to learn 
what wast-e of power as well as of time and what failures result from 
an attack commenced with insufficient means. 

It must be acknowledged that in many cases, at the commencement 
of a siege, the general conditions of the war will not permit of thfl 
adoption of those measures which are necessary for its prosecution. 
But, under these conditions, it has to be decided whether the attack 
should be commenced at all. 

If a fortress is to be attacked, and if it is intended that it shoild 
fall quickly, the necessary means for the conduct of the siege must be 
on the spot. Operations conducted quickly and without waste of 
time are essential for a strong attack, for the defender mtilises emtj 
day for strengthening his position and preparing for the straggle. 

The investment of a fortress, with a view to hindering furtiief 
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ling, and to disturb tbo defensive preparations, can only be 
bift in tbose cases wbere tbe necessary forces to attack, and to 
rtain tbe result of tbe attack, are not at band. 
Necessary PersomwL — Tbe new text-'books lay down tbat to be 
iaily safe tbe besieger sbould, as a general rule, be three times 
r as the defender. This does not appear to be sufficient for all 
The strength of the besieger's forces is determined by the size 
rtress to be attacked, and by the strength of its garrison. As 
culty of mutual support in the attack increases with the size 
•rtress, the besieger's superiority must necessarily be increased 
rtion to this size. The experiences of the campaign of 1870-71 
^etz and Paris with regard to the force required for the 
ance of the investment, cannot be taken as applying to regular 
n which the troops have to operate within the eifective range of 
llery of the fortress. 

fortresses of tbe newest type, with the exception of Paris, 
circumference of from 15 to 30 miles measured along the 
he forts. If we consider as adequate such a garrison as would 
)r three reliefs, counting the men absolutely necessary for 
and for fatigue duties, we arrive at the conclusion that half 
ngth of the garrison would be available for sorties on im- 
occasions. 

le besieger wishes to be secure against any reverse, he must 
able to meet everywhere, with an equal force, any such 
•nal undertakings on the part of the defence, 
cr the above conditions, the besieger would have a front of 
) to 40 miles under the Artillery fire of the fortress. He 
attacked at any point by half the garrison. Taking into 
the possibility of mutual support and the relief of the troops, 
rs tbat the strength of the besieging corps for every 6 miles 
investment line should be double that of the greatest sortie- 
I of the garrison, so as to allow for two reliefs. Further, 
squal to that of the garrison is required to cover the works on 
3 from which the approaches are to be made. The investing 
ilready counted for this front would be available, in sufficient 
3, for working parties. 

fortresses of the type above mentioned, the strength of the 
orps comes to from four to five times that of the garrison, 
assumed in this calculation that tbe value of the troops on the 
» is not as unequal as in the sieges of the 1870-71 campaign. 
Necessary MatSriel. — ^The besieger may give up the idea of having 
ir number of guns than the defender. It appears more advan« 
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iageous to keep uninterruptedly in action a few good gana, well and 
effectively served, than a great number, which might from time to time 
have to cease firing from want of ammunition. 

As a rule, by utilising the advantages of the attack, thirty. two heavj 
guns will be sufficient to keep down the fire of the largest fort; 
and if this fort is the special object of attack, aod its oapton 
necessary for the success of the siege ; then, even if it is supported bj 
intermediate batteries, ninety guns will be enough unless the fork 
have shielded emplacements or turrets, in which case four more beaTj 
guns would have to be brought up for each shielded emplacement. 

The calibre and nature of guns will be determined bj the style of 
the fort. In recent forts, built in the form of lunettes, an attempt is 
made to render them secure against enfilade. When the faces cannot 
be thrown back, so as to be secure from enfilade fire, each individual 
gun is protected by traverses, about 6^ feet higher than the gun, 
which they entirely cover from fire in any position, up to an angle 
of descent of about 20°. In forts situated on commanding points, tba 
guns are placed out of sight behind strong earthworks. Under these 
conditions, only pieces with very curved trajectories can be used wiUi 
advantage against the Artillery of the fortress. 

On account of the abnormal conditions of the fortress warfare in 
1870-71, it has been forgotten that the experiences of former siegv 
had already clearly demonstrated the advantages of gnns with curved 
trajectories. 

This was notably the case at the siege of Sebastopol, where, althoDgli 
the building of the fortrtss was not completed, and the protection of the 
defender's Artillery by means of traverses cannot be compared with thai 
provided in the latest forts, the want of mortars was very mnoh felt faj 
the attack. Shortly before the final storming of the Malakoffy it had 
been decided to increase the Artillery of the attack by 400 mortara. 

Even Yauban, in whose time the defender's Artillery was mora 
exposed than at present, required for a siege park a proportion of 
about ^ mortars. Rustow held that half the Artillery of a siege park 
should be mortars. For the later forts, the proper proportion for a siege 
train appears to be 61% howitzers, 12% guns, and 27% mortars ; aai 
21 cm. seems to be the maximum calibre admissible, when the difficaltiflS 
of working the guns and of transporting ammunition are oonsiderod. 

A moderate number of good guns is sufficient for keeping np aa 
uninterrupted bombardment. Three reliefs are required for tbeir 
service, and there must be a plentiful supply of am munition. Jadging 
from former sieges, 100 rounds per day must be allowed for each gna 
in order to make certain of silencing the defender's Artillery, and o( 



of 1 ton capacity. 



155 

preyenfcing it from reopening fire. In order to guard against the 
possibility of losing advantages already gained, by having to cease fire 
from want of ammunition, it appears necessary to have five days' 
sapply before commencing the bombardment, with the certainty of 
being able to renew this snpply. The importance of this was repeatedly 
sliowninthe sieges of 1870-71. Where the latter lasted any time, an 
insufficient ammnnition-sapply prevented a systematic uninterrupted 
bombardment. The difficulties of sending up ammunition to the front 
iMrere always very great, and chiefly due to the want of a proper system 
of transport. 

The snpply of ammunition to the front requires per day for each 
gun of from — 

21 to 22 cm. calibre, 8^ wagons 
of 15 cm. „ 4^ „ 
of 12 cm. „ 2^ „ 
The Engineer park, and the troops belonging to it, must also be 
ready at the commencement of the siege ; although they only come up 
after the transport of the Artillery park has been completed and the 
besieger has sncceeded in establishing his superiority. 

The investment line can be strengthened by the troops and field 
Pioneers, with their own intrenching tools. 

For the actual attack. Engineers are specially detailed for working 
in front of the Infantry and for mining duties. In the attack of one 
fort, three companies of Pioneers, working in four reliefs, are sufficient 
for the sapping and mining work. 

The equipment of the Engineer park should be calculated so as to 
allow the construction of a parallel, 2,000 metres long, to go on at 
one time. Similarly the park should contain mining and sapping 
appliances, to allow of three approaches proceeding simultaneously 
against each fort attacked. 

It is interesting to compare the relative strength in men and 
gnns of the attack and defence with the duration of the operation 
in different sieges. Though no positive conclusion concerning the 
necessary strength for the attack can bo drawn from the following 
figures, yet they show that a greater superiority on the sido of the 
b^ieger is necessary against well-defended fortresses free from the 
danger of assault, than was the case in the examples quoted. 
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Unfortnnatoljy the quantity of ammunition ready to hand at the 
commencement of the siege cannot be accurately determined. The 
total quantity of ammunition Yaried very much. 

The average daily consumption per gun, as far as can be ascer- 
tained from the imperfect information available, was about as follows : 

Danzig, 25 rounds. 

Antwerp, 40 rounds. 

Sebastopol, 80 to 100 rounds, during the days of heavy firing, 

and from 5 to 10 rounds at other times. 
Belfort, 25 rounds. 
Paris (south attack), 25 rounds approximately. 

A regular bombardment, without such pauses in the firing as 
would allow of the defenders repairing some of the damage done, has 
nowhere taken place. 

The following figures may be quoted with reference to the force 
required for actual siege operations. 

At Danzig, 11 companies of Pioneers were available for the Engineer 
attack. 

Before Sebastopol, after the reorganisation of their army at the 
beginning of the year 1855, the French had for the service of 260 
siege guns— 

11 fortress companies. 

12 field batteries. 

1 mountain battery. 

2 companies of Marine Artillery, and 800 sailors, as well as 

1,000 extra hands from the ships. 

Before Belfort, there were present at the end of December, for the 
service of 90 guns, 24 companies of siege Artillery — that is, 4,800 men ; 
and for the Engineer attack, 6 Pioneer companies. 100 military carts 
and 200 country wagons were employed in the parks. 

Before Paris, for the service of the 254 guns forming the Villa- 
coubley Artillery park, there were 35^ fortress Artillery companies. 
The Artillery park had 400 horses for 350 two-wheeled and 140 four- 
wheeled wagons, 66 other carts, and 100 French ammunition 
wagons. Later on, three more transport columns were formed. Six 
to seven hundred men were daily employed at work in the park. 

The technical troops present were 7 field and 1 fortress Pioneer 
companies, and 1 photographic detachment. 

The Engineer park contained 13,500 shovels and 8,800 picks, in 
addition to the special tools for sapping, mining, and other Engineer 
work. 

H 2 
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II.— The Advance on the Fortress. 

(a) Goyiduct of the Operatiotis. — The besieger daring the advance has 
two things to take into consideration — his own safety and the inyesi- 
ment of the fortress. 

The very fact of a siege being undertaken assumes the absence of 
a hostile army, or its retreat. Nevertheless, in both cases there will 
be hostile troops to deal with, who will keep up communication with 
the fortress, or will serve to cover the retreating field army, and carry 
out its reconnaissances. The one exception to this is when the fortress 
concerned lies to the rear of the attacker's own victorious army, and 
in the absence of sufficient troops can, at the time, only be masked. 

Covering a siege is part of the field operations. As it can only be 
done by sending troops in threatened directions, the task, which lies 
outside the proper sphere of the besieging corps, should be entrusted 
to an independent force. 

The Siege Corps and the covering troops advance simultaneously, 
and therefore in such strength that they can move on a broad front 
without incurring any risk. In this manner, not only is the march 
made more convenient and the supply simplified, but the besieger is 
also preparing for his operations against any offensive undertaking on 
the part of the defence, and for the investment of the fortress, in the 
the most advantageous way. This method of proceeding has only one 
weak side; viz., the difficulty of supporting the flanks. For this 
reason it is best to concentrate in two bodies towards the flank, as 
soon as touch is obtained of the fortress. 

On his front the besieger has nothing to fear from the weak 
garrison of the fortress. The garrison and the troops outside can, 
however, operate successfully against the flanks. The flanks of the 
advancing force should therefore always be prepared to resist an 
attack, and they should bo covered by a good Cavalry screen, so as to 
make it impossible for the enemy to reconnoitre them. 

(6) Examples. — The march on Paris in 1870 will serve as a model 
for the fortress warfare of the future. 

In this case, about 150,000 men with 620 field guns appeared on 
the 16th September, between Bcaumont-sur-Oise and Moissi-Crama- 
yel — that is, on a front of about 40 miles — at a distance of 15 miles 
from the fortress. Cavalry covered the flanks. 

In less than two days, the besieging army approached in two bodiea 
from the N.E. and S. of Paris (Plate 1), to just beyond the reach of 
sorties, but so as to have touch of the fortress. These bodies kept up 
only a slight connection with each other, but their flanks were secajt^ by 
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masses of Cavalry. If the dofenders had wished to reconnoitre the 
flanks of the approaching besieger, with a view to operate against the 
investment with the two Corps standing between the intervals of the 
forts (given bj Dnorot as 50,000 men), the reconnaissance on the 16th 
September woald have had to extend over 20 miles. 

lu the march on Belfort, the conditions were different. In this case, 
the attack had only 8,000 men and 24 field gans, and it occupied, at a 
distance of 8 miles from the fortress, the line of Rongoment — 
La Chapelle-soas-Boagement, a length of 2^ miles ; the Cavalry was 
mosUy in front. There were 17)000 men at the disposal of the defence. 
With sach relative strength, the attack is exposed to considerable 
danger at the hands of an energetic and active defender ; since, in the 
nearer approach, a division of forces mnst occur in such proximity to 
the fortress that the weak points of the besieger could hardly fail to 
attract notice. Suppose that Denfert, who received, on the lot of 
November, intelligence of the advance on Belfort, instead of occapying 
the position shown in Plate 2 (Part I.), had kept all his troops con- 
centrated under the supporting fire of the fortress Artillery, in Perouse 
and in the suburb on the road to Epinal. Then, taking into account 
that as well as the above-mentioned favourable conditions, there was a 
good Cavalry out|K>st service supported by the population, the weak 
points of the besieger at La Chapelle and Bessencourt might easily have 
been detected, and one of these points attacked with a successful result. 

The possibility of such extensive offensive action on the part cfthe 
defence will only occur very exceptionally. 

If such an offensive promises good results ; if there is any prospect 
of keeping up the connection between the fortress and the sources of 
assistance from the rear, and so of materially increasing the strength of 
the defence, an active defender^ as soon as he clearly perceives these 
conditions, will adopt such offensive action with all his forces. If he 
cannot make certain of the existence of these conditions, such an 
offensive had better be left aloue. 

III. — The Investment and Preparations for the Attack. 

(a) Conduct of (lis Operations, — The investment should cut all com- 
munication between the fortress and the surrounding country while 
securing a base for future operations. 

The knowledge of the fortress to be attacked will generally be 
incomplete at this period, and a plan of attack cannot be definitely laid 
down. The positions of the investing troops should therefore be 
chosen with a view to carrying out reconnaissances of the fortress 
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and of the gronnd in front of it without unnecessary loss, so that a 
plan of attack may be got oat, the positions for the batteries deoidod 
upon, and preparations made for farther operations. 

The reconnaissances can be well carried out with good eyes and 
field-glasses up to distances of 3,000 metres. The investment line can, 
therefore, be chosen beyond the range of high-angle fire and of 
shrapnel, at 4,500 to 4,800 metres from the works, according to the 
nature of the ground. If pickets and outposts are pushed 1,000 
metres to the front from these positions, and, in order to cover the 
reconnoitring parties, approach another 500 to 1,000 metres nearer 
the fortress in the daytime, the positions next to be occupied, as well 
as the works themselves, may be sufficiently reconnoitred without 
incurring unnecessary loss. We say sufficiently reconnoitred, for it 
does not seem necessary that the besieger should make up bis mind 
at this stage as to the direction of attack. He will at first only chooee 
the front of attack (that is one of the sections into which the ground 
is divided by rivers, and which thus forms one unit of the defence), 
and subsequently an objective in it. The choice of the direction of the 
attack can be left to a later period, when he is nearer to this 
objective. 

The occupation of the investment line will take place by a gradna 
deployment from the two bodies which have approached the fortress 
in the manner described above. It is while the besieging force is 
crossing rivers that suitable occasions for assuming the offensive 
will present themselves to the defender. 

The distribution of the besieging troops should be so arranged 
that the strategical units occupy sections, and the larger tactical units 
the ground between roads. This is the only way that a satisfactoiy 
distribution of troops from front to rear can be obtained, and one which 
allows of the intimate tactical connection being maintained when 
fighting is going on. The smaller tactical units are distributed in the 
outpost line in deep formations, and in accordance with their positions. 

The choice of a front of attack is determined from a considera- 
tion of what decisive point would by its capture ensure the fall 
of the fortress. To occupy works which are easily captured, bat 
whose fall does not involve that of the fortress, nor prevent an energetic 
defender continuing his resistance, is useless. By the decisive point 
is understood that commanding work which so dominates the de- 
fender's centre of supply that from it the supplies may be destroyed. 
The loss of this point will materially affect the defensive powtf of 
the other works. Thin definition does not preclnde the existence of 
several such points. 



Which of these decisiye points is to be chosen will depend on the 
besieger's line of sapplies. An Artillery siege train requires such a 
large wnoant of traii[^)ort that the attack should start as near as 
poBStble to the line of si^>plies unless this line can be extended. 

An Artillery siege train of 200 guns, with 1,000 rounds per gun, 
and all necessary personnel and materiel, is estimated to require about 
32 railway traixw each of 100 axles. A 22 cm. gun with 1,000 rounds 
requires for its transport 900 wagons, each carrying a ton. 

These hatM foroe the besieger to keep to the railways in the attack 
of great fortEeeses, and prevent tactical and other considerations 
having any great weight in the choice of the front of attack. 

As soon as this firont has been chosen, it becomes necessary to draw 
up a general plan of operations. 

In doing this, it most not be forgotten that the defender's numerous 
heavy guns are ready for action in strong, secure emplacements, while 
his Infantry is lying under cover of the guns in intrenched positions 
in fixmt oi the fortress, waiting for an opportunity for effectual 
offensive acticHi. 

The capture of these intrenched positions, covered by heavy guns, 
presMitB diffUmltieB. A successful bombardment by field Artillery at 
deoimve ranges appears impossible on account of the Artillery of the 
fortress. It is only when guns of equal power have been brought to 
bear on this Artillery that the capture of the advanced intrenched 
positions will be feasible. 

It will not be possible to effect the capture of the defender's line all 
round the fortress, although such capture would serve to conceal the 
front of attack. The capture of the advanced Infantry position before 
one or two fronts will suffice to conceal the actual objective and 
direction of the attack, considering the extent of the fortifications and 
the room for choice in the selection of this objective and direction. 

The first Artillery position must, however, extend over as great an 
arc as does that part of the Infantry position which it is necessary for 
the besieger to capture in order to conceal his intentions and secure 
the flanks of the near attack. 

The extent of the first Artillery position involves a decentralisation 
of the gun park. On the other hand, the ammunition park, with the 
powder and unfilled shells, should remain centralised for the sake 
of facilitating laboratory work and the general ammunition supply, 
while the expense magazines for made-up ammunition should be 
distributed so as to suit the Artillery attack. This decentralisation of 
the parks will facilitate the establishment of the batteries and their 
ammunition supply. 
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When tho directiou and extent of the attack liave been decided 
on, the parks are established in several groups corresponding to the 
general plan. They are strengthened by works and placed under the 
protection of the investment line, and out of reach of the shrapnel 
fire of the fortress. 

A railway is absolutely necessary for tho transport of tho siege 
parks, and for the ammunition supply, if a regular attack is to be 
energetically carried out and brought to a spoedy close. Even if there 
is a railway up to the selected front, and it has been put in a state of 
repair, at least nine days must elapse before the attack can be com- 
menced. 

After the occupation of the investment line, at least one day will 
bo taken up in reconnoitring the fortress, two days in arranging 
the unloading places, and five more in establishing tho parks and in 
bringing up and organising a supply of 500 rounds per gun ; since it 
seems impossible, even with the best arrangements, to unload more 
than four trains daily. Moreover, the advance of the besieging corps 
will not allow of more trains being used for artillery purposes. 

The foot Artillery will employ the last eight of these days in 
preparing brushwood for the construction of the batteries. This w(»k 
will bo done as near as possible to the position of the batteries, in 
order to lessen the dilTicultics of transport for the day on which the 
batteries are constructed. Tho tactical reserves can now also be 
employed, without danger to the safety of the investment line, in pre- 
] taring brushwood for the Engineer attack. The nearer the place of 
preparation of the brushwood is to that of its use, the easier does this 
use become. 

The manufacture of revetting materials in the cantonments in 
rear increases to too great an extent the already considerable trans- 
port requirements of a largo Siege Corps ; moreover, it deprives the 
troops in rear of the time for rest ; on tho other hand, by preparing 
revetting material in the investment line, a portion of the reserres 
can bo suitably employed in the daytime, without detriment to the 
execution of their regular duties. 

(6) Examples. — In practice the investment has generally been other- 
wise conducted, owing to its Ix^ing undertaken with insufficient resources. 

At Danzig (Plate 4) the besiegers at first only carried out the invest- 
ment on the left bank of the Vistula, in a position about a mile distant 
from the fortress. The troops appear to have been concentrated in three 
divisions of about 4,000 to G,000 men before the south* west front; one 
battalion observed the east side. The Cavalry was divided between 
the divisions. The latter were in cantonments, and had sent forward 
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DO or two baiialioDS, vritb some troopers and guns as outposts, 
gainst the localities occapiod by the defenders. Three days after the 
11 vestment on the lefk bank of the Vistula, the bcsieger*s outposts west 
•f the fortress began to intrench themselves at five points between 
he posts occupied by the defence. Attempts to push the outposts 
arther to the front failed. Five days afterwards the investment was 
omplcted on the right bank of the Vistula. 

It appears strange that the throwing up of field-works so very near 

the points occupied by the defenders could liave been carried out 
vithoot any serious interruption ; while at the same time the defenders 
lad several times been successful in advancing to the west. 

Altogether the conditions of the siege of Danzig show what waste 
•f time and what reverses accompany a siege commenced with in- 
affioient resources. For 14 days the besieger was fighting for the 
ite of the investment line. 

The investment of Belfort (Plate 2), with 1 lino and 10 landwehr 
lattalions, 5^ squadrons and 4 balteries, was a very venturesome 
inderiaking, justified, however, by the result. In two days the 
n vestment was completed on a line 25 miles long. The troops 
irere disposed in eight groups, and were weaker than the defenders. 
The latter had barricaded the roads, interrupted communication by 
ail and telegraph, occupied fortified pickets 300 metres from the place, 
nd posts 200 metres further to the front. Under these conditions it 
tras impossible to interrupt the communication of the fortress with 
he surrounding country ; and an energetic ofiensive on the part of the 

1 of enders appeared probable, since such an offensive promised the possi* 
lility of keeping the communications open for some time, of receiving 
arther reinforcements, and so increasing the resisting power of the 
ortress. 

The operations at Belfort, apart from the general result, show the 
fieot of too close an investment without the protection of suflicient 
Lrtillery ; for, on the 17th November, the garrison of Bessancourt had to 
« withdrawn to Phafifans on account of the fire of the fortress, and 
3r the same reason the village of Offemont had to bo abandoned on 
he 23rd November. 

In this case, also, 15 days elapsed before the besiegers could isolate 
he fortress. 

At Belfort, and also at Danzig, no preparations for the attack 
onld be made during this period, on account of the weakness of the 
esiegers. This circumstance much delayed the progress of the attack. 

The investment of Paris, and the preparations for the south attack, 
ive a fair model for future sieges. The investment line beyond the 
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effective range of the Artillery of the fortress was cboaen with a view 
to defence, and rested principally on fortified villages and woodi. 
From this line the outposts were pushed forward, so as to have a good 
view to the front. The reserves moved into the line itself. Where 
there were no defensible localities, redoubts were constracted to hoU 
a company of Infantry. The Artillery emplacements were in rew 
on the flanks. 

The line lay through Croisy, St. Cloud, Sevres, the Park of Men- 
don, THay, Choisy-le-Roi, Chelles, Montfermeil, Clicby, Livry, Sevian, 
Anlnay, le Blanc Mesnil, Garges, Amouville, Sarcellee, Monimtgnj, 
Deuil, Argentenil. 

254 guns, with 1,000 rounds per gun, were conveyed to Nautedl 
on 3,100 railway axles for the proposed Artillery attack on the soatk 
front ; 35]^ companies of fortress Artillery were detail€)d for the service 
of the guns. 

The transport of the guns from Nauteuil to the Park of VilU- 
coublay lasted nearly a month, and required 1,248 teams of field 
Artillery horses. 

The ammunition was mostly brought from Nauteuil to Villacoabkj 
on requisitioned two-horsed carts of from 7 to 10 cwt. carrjiBf 
capacity. By the end of December, 3,700 such cartloads of ammt- 
nition had been carried. 

From the 1st Janoary to the 4th February, after the changes is 
the organisation, 3,500 more wagon-loads (four horsed), of 16 to S) 
cwt., were transported. 

The preparation of the brushwood was left to the Army Corps, ft 
was stored in dep6ts at Mcudon, Chatillon, and Petit-Bic^tre. 

Notwithstanding that the Artillery attack extended over twdf* 
kilometres from Sevres to Chcvilly, the parks were concentrated it 
Villacoublay ; on the other hand, the materials for the baiieries iad 
the intrenching tools were stored in depdts, and the made-op amas* 
nition was distributed in five bomb-proof magazines. 

The preparations for the siege of Soissons were oovered bj u 
investment line at a distance of from 3,000 to 6,000 paces from Uis 
works. 

Forty-eight pieces, with 470 rounds per rifled gun, were forwtrdel 
from Toul to Reims on 230 railway axles. The park was taken ham 
Reims by about 800 carts, and the gun park was divided into two 
sections, corresponding to the proposed extent of the attack, whiM tke 
ammunition park remained concentrated further to the rear. 

Before Sebastopol, the English had a similar arrangement of tke 
siege park, which is supposed to have answered well. 



165 

IV. — The Pbeliminart Operations op the Attack. 

(a) Conduct of the Operations. — When the establishment of the park is 
snfiBciently advanced, and the preparations for throwing np the batteries 
are completed, the besieger's Infantry will pash forward as near as 
possible to the fortress, so as to enable the constraction of the proposed 
batteries to be proceeded with. 

This forward movement mnst take place all round the fortress, so 
as not to disclose the front of attack, and also so as to facilitate the 
investment of the fortress and to strengthen it. The whole movement 
mnst also be carried oot at the same time to make it more difBcnIt for 
the defender to resist in his advanced positions. This advance of the 
Infantry will generally take place at dawn, in order to enable the troops 
to 6nd their positions, unless it involves the occupation of points very 
much exposed to the fire of the fortress, from which fire the Infantry 
must first obtain cover by intrenching. 

It will not always be possible to occupy the line of investment 
withont a serions engagement. The defender's Infantry, collected on 
the flanks in small groups and deep formations, in positions well com- 
manded by his Artillery, will watch the investment line with a view to 
making it more difficult for the besieger to establish himself there. 
The besieger will only in exceptional cases have to deal with the 
defender's intrenchments in these positions ; as, for instance, when the 
fortress has an exceptionally strong Infantry garrison. But, even then, 
the defender will be very cautious about using intrenchments here, 
because they are very easily surrounded, difficult to defend, and may 
perhaps later on become prejudicial to the offensive action of the 
defence. 

This new position of the Infantry, which may be called the invest- 
ment line {Einschltessungsstellung), to distinguish it from the blockading 
position {Ahschliessungsstsllung), will be decided on by the lie of the 
ground and the position of the advanced Infantry posts of the defence. 
It will be from about 2,000 to 3,000 metres from the fortress. Patrols 
and ontposts will be pushed forward from it 500 metres towards 
the position of the defence. 

The besieger will fortify the investment position as much as pos- 
sible, and, above all, throw up emplacements for field guns to sweep the 
ground where sorties are possible. The field Artillery will answer best 
for sweeping the ground beyond the effective range of Infantry fire 
from the fortress. 

When the taking up of the investment line, previously well recon. 
noitred from the blockade position, has been successfully accomplished 



166 

at dawn, tbo cons traction of the batteries can, if the preparatioDS hiTe 
boon sufficient, bo commenced the following night. 

The material for bailding the batteries is prepared at differeni 
points in the blockade position, about 2,000 metres behind the pon- 
tions they are to occupy. The decentralised Artillery parks and tlie 
bomb-proof magazines are probably about 2,000 metres behind the 
blockade position.* If the ground is favourable for the conBtrae- 
iion of the batteries, the preliminary ones can open fire on the moraiiig 
after the taking up of the investment line. On the other hand, if 
the ground is nnfavourablc, the Infantry must hold oat for two or 
three days befopo they can be supported by the besieger's Artillery. 

The preliminary batteries will extend round a third, or perhaps ft 
half, of the fortress, in order that the direction of attack may heooo- 
cealed, and the safety of the close attack secured against enfilade fire 
and flank attacks. They must breach the advanced posittons of the 
defence, demoralise their garrisons, and keep down the Artilkfj 
fire of the forts during and after the storming of the adnuieed 
positions. 

The direct support of the Infantry, during the storming of Ae 
advanced position of the defence, is the task of the field Artillery, 
which can also, under favourable conditions, undertake the bmkin^ 
of the advanced positions of the defence. When, however, Babstantiil 
buildings and earthworks have to be taken, the preparations forstora* 
ing the work, if they are to be made quickly, require Siege Artilkfj. 

The most important work of the Siege Artillery is to keep down tke 
Artillery of the defence which can be approached to within adistsneeflf 
3,000-4,000 metres, and, in favourable cases, of 2,500 metres; bnt tto 
the attacking batteries are much exposed to the oflensive aotion of tke 
defence. The Artillery of the defence is covered from fire fromtfce 
flank up to an angle of descent of 20^, and only offers a small mark to 
frontal fire. The Artillery engagement will therefore partake wand 
the charact-er of a bombardment. 

Under these circumstances, there is a temptation to lay ovi tte 
batteries so as to be as much hidden by the nndulations of the grasBd 
as the elevation with which the guns are to fire will allow. Bat ^ 
advantage of safety against the fire of the enemy, which is obtained If 
so placing the batteries, seems to be outweighed by the disadvantiigti 
of such positions for the direction of the fire. Effect is more im- 
portant than cover. The former is impossible withont good obaem- 
tiou and direction of the Gre. Therefore each battery most 1» 

• Tbis seems very far to the rear. — TVaiM. 
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planned that there is a direcfc view of the target from it, and that ita 
ire may be directed by word of command. To place batteries in 
lepressions, directing their fire by means of speaking apparatus, is at 
lest an uncertain method. If the signalling arrangements are rendered 
iseless at critical moments by the enemy's fire, the whole action of the 
lattery is endangered.* 

Dispersing the batteries within the gronpR, and arranging small 
^nps of not more than four batteries, seems a better way of diminish* 
ag the effect of the enemy's fire, than to retire the batteries behind 
overing ridges. 

An endeavonr shonld be made to place the batt>cne9, when the 
;round allows it, in front of the intervals between the forts. 

The sketch shows how advantageously batteries in front of the 
utenrals are placed for bombarding forts of modem constrnction. 

(Generally speaking, eight batteries of four guns each must be 
Jlowed for a fort ; and pieces for curved fire, which have an angle of 
lesoent of 20 degrees or more, at 3,000 metres must be chosen, on 
hocoiint of the protection given to the artillery of defence. 

If the besieger has a hundred rounds per gun to expend daily, three 
lalteries will suffice against the largest fort armed with as many as 
.00 guns, because the guns of the attacking batteries are better 
iOTered than those of the fortress, the effect of the enemy's fire 
san be weakened by dispersing the batteries in the groups, and the 
latterieB of the attack can be arranged to give enveloping fire. 

The dnties of the attacking Artillery are more difficult if the defence 
las turrets or armoured emplacements. With armoured emplacements, 
leavy guns of precision^ in small batteries, must accomplish the task 
vf firing at the fort from two directions ; but, in the case of turrets, 
ihe foundations and revolving arrangements must be destroyed by 
neans of indirect fire from a distance. 

Whilst the fire of four or five forts, occupying a considerable arc and 
nounting 160 to 200 heavy howitzers, mortars, and guns of precision, is 
Ming kept under, and the attack on the defender's advanced position is 
jeing prepared, it is advisable after the opening of fire to retire the invest. 
nent lino somewhat before the fronts not to bo attacked, so as not to ex- 
)oee the troops to unnecessary losses. The pickets will be established 
n the investment line itself, with their posts and patrols sufficiently to 
he front ; the supports of the outposts must, however, tako up a posi* 
»on 500 metres or more further back. Finally, tho field Artillery will 

* This paragraph is directly opposed to the principles laid down in Part II. 
MUit, Emaineering. The practical German view of 'covered batteries* is worth 
ODsideratioo. — TVoirs. 
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construct batteries at a distance of about 2,500 metres, to bombard, 1 
positions beyond the range of the shrapnel fire of the fortress, t 
forts not attacked by the Siege ArtUiery, as soon as the disarmtn 
and transport of the pieces to the front attacked oommencee. 

It is in this period that the opportunity of the defenders appeu 
lie. If they succeed in hindering the construction of batteries at b0v 
points by Artilleiy fire and sorties, they will gain more time than by [ 
poning the decisive point of the operations to the close attack and 
defence of the breach, at a period when most of their Artillery will 1 
been disabled. 

(b) Examples, — The following examples show that the opetat 
preceding attack may vary greatly. At Danzig, the besieger 
unable to occupy the investment line until fourteen days after 
appearance before the fortress, and then only afber serious fight 
without, however, making use of Sieg^ Artillery. If the defenders 
not held the whole extent of the country round the fortress, bat 
established works to the east of Neufahr and had restricted thenue 
to warding off attacks and hindering the construction of works wit 
the lines of defence, the besiegers would still have required a < 
siderable time, together with reinforcements and the assistano 
Artillery, to enable them to occupy the positions of attack, 
besiegers began to construct a parallel on the heights north -west of 
fortress, after having been for six days in possession of the viUi 
which the defenders had occupied in front of the fortress, beyond 
range of their Artillery. Eleven days later, the redoubts thrown ii| 
the captured first line of defence were armed with heavy field pie 
intended to batter the walls and to annoy the town and the shipp 
in the Vistula. The material for the Artillery attack was then bm 
up, and twelve days later, during which time the approaches 
advanced about 300 metres towards the fortress, fire was opened i 
the Siege Artillery. 

Supposing here that, instead of the works commenced at too k 
period on the heights of the attack, systematically oonstmoted defti 
like those shown in Plate 1 (Part I.) under the name of *B( 
mard ' defences, had been planned on the whole of the fronts the beeii 
would scarcely have been able thus to push forward the works of itt 
without Artillery support. As these defences were only bnUt dn 
the attack, they proved useless, and could not prevent the berii 
from gaining 500 metres of ground in ten days without Aidl 
support. 

The positions for the bombardment of Belfort were oconpied ftve 
days after the besieger's appearance before the fortress, and firor d 
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bfter the arriTal of the first instalment of the siege park. Only in the 
miih aad west of the fortress was this oocapation effected without 
lifficnlty within seven days. Five days later, fire was opened. The guns 
if the fertress fired on the positions occupied hy the besieger, without 
musing any ooBsiderable loss to the garrisons, or to their advanced and 
ntreaobed outposts. 

The establishment of the park only began three days after the 
xelimiiiary fighting, but the construction of the batteries was beg^n 
ihree days after the occupation of the last points required for the 
ittacking position, and was completed in one night. The advanced 
wties of tiie covering troops were from 700 to 900 metres in front of 
lie battery rites. 

An introduction to the attack with very weak forces, such as suc- 
ceeded at Belfort, is only possible against a fortress occupied by troops 
■ unprepared, badly armed, and untrained as they were in this case. 
hri Belleme, an unfinished earthen redoubt, distant about 1,500 metres 
ran the battery rites, was only armed with two siege guns ; Fort ' des 
iarreSy' distant 1,900 metres from the position of attack, had a bad 
lew, owing to the salient spur of the * Hauteur du Mont.' The distant 
Lrtillery fire on the field of attack came from the Chateau, 3,000 metres 
tistftnt^ and, moreover, the Infantry was concentrated in two groups in 
hallow formations, pushed forward as far as and even beyond the first 
KMition of« attack, so that on the besieger's attack they could not be 
spported by the ArtiUery of the fortress. 

The conditions were but little better on the ' Perches ' front. 
Ceverthelees, the slightly better arrangement of the guns obliged the 
vricger to have recourse to another method of procedure. The ad- 
•anoed parties of the troops in the investing position were forced to 
Mcp I98OO metres away from the fort. Twenty-five days elapsed before 
he ocoaparion of the village of Danjoutin, between 300 and 600 metres 
rom the poritions of the most important batteries. If the Infantry of 
he defence had been distributed more deeply, if their morale had been 
sept np by daily reliefs, and if patrolling had been diligently carried on 
t nighty a sudden attack on Danjoutin would hardly have succeeded. 

Danjoutin was an exceptionally favourable base for offensive action 
gainat the batteries numbered 15 to 18 in Castentolz's work. This 
illage could have afforded peculiarly effectual support to a sortie on 
ha right bank of the river, directed against battery groups 21 to 25. 

At the aiege of Soissons, on the 9th October — ^the day on which the 
mt inaialmrmt of the riege train arrived — the berieger's line of outposts 
MB pviflhed to the front, without any fighting, to within 750 metres of 
le glrndB of the fortress, after weak sorties of the garrison had been 
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driven back on previons days. Two days later, the bailding of 
bat teries on a front of 6,000 metres, at a distance of from 1,130 to 
2,330 metres from the place, was eflcctcd in one night. 

At Sebastopol, the positions of attack fell into the handg of the 
besiegers without Bghtiug. The attack, extending OTer aboat6,00i) 
paces, was opened with the construction of a parallel ; in spite of tltfi 
the direction of attack was insufficiently concealed, in the panllel, 
batteries in throe groups were thrown up in from two to six dijs. 
The work was carried on by day with weak parties and without exotf* 
sive loss. 

The position of attack was from 950 to 1,200 metres distant froa 
the ramparts of the fortress. The positions of the batteries in tks 
parallels, especially on the French left flank, were disadvantageooaly 
crowded together. Moreover, these positions did not snfficieoi]; 
conform to the trace of the lines of defence, nor were they adapted fiir 
bringing an cn61ade fire to bear on the lines. The French batteriOi 
which were obliged to carry on an Artillery engagement on a front of 
950 metres, were, for the reasons given, easily silenced on the day of* 
opening fire. These five batteries had two guns dismonnted and tff 
carriages disabled in a few hours. 

In the southern attack on Paris, the first Artillery position had 
ultimately a front of about 8,000 metres, and was deTeloped oni d 
posts which had already been occupied for some time. The battaj 
sites were distant from 1,800 to 2,600 metres from the forts. Lai* 
on, two more batteries were added on the right flank against FoH 
Bicetre and against the advanced defensive positions, thus iuLiuiwif 
the extent of front to about 12,000 metres. In this case, it wis wk 
the concealment of the direction of the attack, bnt rather its pn* 
tection against the advanced Infantry positions of Gaohon BedoaK 
and Hautes Bruyeres on the right flank, and against the neighbonriif 
fort, that imperatively demanded an extension of front. 

Five batteries were constructed against one of the forts attadoL 
Tlie number and nature of guns hero employed is no goide fi>r A* 
future, because new forts provide more cover. 

V. — The Bombardment and the Captueb op the Adtahced 

Infantry Positions. 

(a) Conduct of the Operations, — The ol]ject of the bombaidmeiiiiiti^ 
prepare the way for the capture of the advanced Inftmtry poiiftte 

The bombardment will commence simultaneonsly from all Al 
batteries. A plentiful supply of ammunition — at least 100 lonndl ff 



gtm per diem — will be necessary so as to obviate the possibility of aa 
mterraption of fire. 

The field Artillery will also be able to take part in the bombardment 
of the forts, first of all at considerable distances ; bat later on, when 
the fire of the forts is somewhat silenced, at short distances and at 
shrapnel ranges. It would be rash to attempt to lay down the course 
of a siege from the moment of the bombardment. 

The character of the commanders of both parties, the quality of 
the troops, any successful offensive action on the part of the defender, 
and the caprices of fortune, will vary greatly the progress of the attack. 

An energetic and well-prepared defender will place his general 
reserve of movable guns, and also his field batteries, into emplacements 
thrown up between the forts. He will combine the fire of the forts 
and of the mobile batteries, so that every group of the enemy's 
baiteries receives fire from three or more directions. The Infantry of 
the defence in the advanced forts will attempt to fire on the posts of 
oboorvation of the Artillery of the attack, and, if possible, also on the 
siege batteries. 

Light mortars will take part in the fight from the interior of 
suitable advanced Infantry positions. When a sortie is to be under- 
taken with a view to destroy the batteries, it must be attempted 
energetically, and with all available forces. 

The advantages of ad enveloping position, and of greater frontal 
development for his Artillery, remain, however, to the defender. He 
will bombard the fort from several directions, from gproups of batteries 
not too olose to one another, and he will employ single guns in the 
advanced in^ntry positions for breaching. The field Artillery will be 
engaged wherever its employment promises a successful result. 
Besides the direct observation of the fire from each battery, a central 
observing station for each group will have to be established in the out- 
post line, so that the fire of the batteries may be directed from a point 
nearer the place. 

Such direction of the fire necessitates telegraphic communication 
between the groups and the central observing stations. 

After the bombardment, this method of directing the fire will be 
discontinued, and the fire controlled only from the batteries. Against 
good foiiro t D Artillery, the besieger will very frequently, where the 
ground is commanded, have to proceed by saps against the advanced 
Infioitry positions* 

If tile Artillery of the forts is kept sufficiently engaged, if breaches 
are made in the advanced Infantry positions ; then the field Artillery 
will be brought up, and the attack undertaken simultaneously on all 

N 
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the defensive posts, daring which the forts should be heavily bom- 
barded. Attacks on fortified points no longer secure &om assaalthave 
been in practice saccessfnllj undertaken at all times of the day, when 
the attacker was so near the object as to make surprise possible. For 
the attack on the advanced Infantry positions, the day is genendlj to 
be recommended, because it is easier by day to reconnoitre and to 
direct the attack in columns and to support them by Artillery. It 
must also not be overlooked that the defender will have mounted for 
night work light pieces at places unknown to the attack, which will 
sweep the flanks of the Infantry positions. 

(b) Examples. — Sebastopol and Belfort give important lessons with 
regard to the attack on advanced Infieintry positions. 

Sebastopol, — On the night of the 23rd February, the French made 
an attack with five battalions on the unfinished redoubt of Selenginsk 
which had been constructed in front of the Malakoff towards the end 
of February, and was situated 900 metres in front of the Artillery line ; 
this attack was repulsed with great loss. A systematic advance, u 
well as an increase of the batteries against the detached LifiBaitry posts, 
successively erected here, had to he decided upon. Even the severe 
bombardment of the 9th April, in which 514 g^ns with 80-100 rounds 
per gun, fired at the detached works, failed to drive the defender from 
these positions. 

These redoubts were only taken at 6.30 p.m. on the 6th June, after 
a day's preparatory bombardment with 604 guns and 150 rounds per 
gun, and after the approaches had been brought close np to the works. 
The churchyard before the west front of Sebastopol, 360 metres 
from the Artillery line, was also held by the defence np to the 23rd 
May. It was taken on the night of the 23rd by ten battalions aftei' 
heavy firing, and after the attack had been prepared by two dajs' 
Artillery fire, with an expenditure of 10,000 rounds. 

BelforL — On the 7th January, 1871, six new batteries (9, 15, 16, 
17, 18, and 20)* opened fire, the Artillery attack of the Perches front 
having been commenced on the 18th December, 1870, with one 
battery (8a)*, and reinforced on the 25th December by two batteries 
(13, 14)*. 

It appears doubtful whether such an attack as was carried out at 
Danjoutin would in all cases be possible against an able and energetic 
defender. 

This attack, which was intended to keep under jbhe Artillery of the 
fort and prepare the capture of Danjoutin, was a brilliant success. 

* The nambers of the batteries are those given in * The Siege of Belfort in the 
Year 1870-71.' by A. Castenholz. 
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Danjontin was destroyed on the 7th January hy a battery (8a)* 
)f 80 incendiary and 20 ordinary 12 om. shells, and by a battery (9)* 
with 80 27 om. shells. One battery (18)* at a range of 600 metres 
lirected one 12 cm. gun by day and four by night against this village. 
This bombardment, however, did not contribute to the capture of Dan- 
jontin. Unfortunately, no mention is made in the works of either Thiers 
)r Laurencie of the losses incurred by the garrison of about 800 men. 
That this village was taken suddenly by a night surprise was due not 
>nly to the want of vigilance of the garrison, but also to the defective 
lispositions for the support of this important post, and for the main- 
»nance of its communications with the fortress. 

With a proper distribution ^of the In&ntry garrison, having regard 
o support from the rear, as at Sebastopol, Danjoutin would have un- 
loubtedly made a better resistance. 

71. — ^Thb Engineer Attack and its Prepabation by the Artillery. 

(a) Conduct of the Operations, — After the loss of the advanced 
[nfantry posts, the defender will still be in doubt as to the direction of 
;he attack, since the latter has been commenced on a front of 12 to 20 
dlometres, and so has a wide field of possible action. 

The repulsed Infantry of the defence will only in very rare cases, and 
inder favourable conditions of ground, be able to intrench itself again 
n front of the forts ; generally, it will be driven back as far as the 
jovered way and the interval between the forts, because the ground 
lear the forts will not afford it a covered position. The fortress 
?lrtillery will still remain in action — mortars in the forts and heavy 
Artillery in rear. 

Under these conditions, the close attack will commence at a distance 
)f 1,000 metres from the captured positions. 

It does not appear possible to carry out the close attack without 
K)werful Artillery support, for as soon as a parallel is constructed against 
;he special object of attack, the defenders will immediately make use of 
bU available means behind the front, so as to be able to bring a power- 
ul and uninterrupted fire to bear on the confined area of the close 
ittack, and, moreover, they will make sallies under cover of this 
ire. 

The siege Artillery must, therefore, approach as near as possible, so 
s to completely silence the fire of the special objective, and also to 
iommand all the rear positions of the defence bearing on the close 

* The iiTunbers of the batteries are those given in * The Siege of Belfort in the 
fear 1870-71/ by A. Castenholz. 
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attack. The Engineer will thns be able to commence his works as 
near as possible to the place, and so shorten the operations. 

The captured Infantry positions, fortified, strongly garrisoned, and 
supported 'by the bombarding batteries in rear, will snfficiently cover 
the construction of batteries at decisive distances of from 1,200 to 2,000 
metres. This assumes that strong reserves are held in readiness on the 
flanks of the groups of the second Artillery position, ready to advance 
against any offensive movement of the defence. 

The further functions of the Artillery against the special objectiTe 
are as follows : 

1. The silencing of any of the defender's Artillery that can open 
fire from between or behind the forts against the Engineer attack. 

2. Breaching. 

3. The destruction of the ditch flanking defences. 

4. The annihilation of the Infantry posts which may have betn 
established in block-houses in the covered way, or between the forts. 

5. The destruction of the communications in the fort, so as to make 
their defence against the storming party more difficult. 

It appears superfluous to make action a^inst the communications 
of the forts to the rear a special task of the siege Artillery. The long- 
range guns will cross their fire behind the (bri and on its communica- 
tions to the rear, in such a manner that to detail special guns for this 
work would be unnecessary. Moreover, it appears to be a waste of 
ammunition to fire on concealed roads. 

Where the roads are visible, it will be the duty of the light overbank 
field pieces to fire on them as soon as there is something to fire at. 
Unseen roads will only be fired on when, during an action, movements 
of troops are supposed to be taking place along them. 

The destruction of food and provision stores can be made a special 
task, when their positions are known to the attack. The attack mnst 
endeavour, when constructing the second batteries, to gain a snperi- 
ority in number of pieces. 

The batteries of the second position must, if possible, be placed in 
front of the intervals of the first position, so as not to hinder the latter 
in bombarding the forts, for the fire of the first batteries mostooDtinne 
uninterruptedly until the second position has commenced firing with 
good efEect. 

When this has been done, the first Artillery position will be moved 
forward in the direction of attack so as to be able to engage with more 
effect the batteries behind the forts. 

Taking into consideration the construction of the forts, the deslmc- 
tion of the ^itillery defence will be the work of mortars and howiteen 
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* Tnedium and light calibres. A battery of light gans of precision 
Lould be charged with the work of silencing any guns that may be 
tmporarily mounted to oppose the Engineer attack. 

For breaching the main walls and for destroying the ditch flanking 
sfenoe, heavy and medium howitzers must be employed. Possibly, 
ortar iire can be advantageously brought to bear on revetment walls, 

• that the walls on which masses of earth are exerting a great pressure 
ay be brought down by means of projectiles striking in front and 
»bind the cordon. 

The demolition of blook-houses on the covered way should be efiected 
f howitasers of medium calibre. 

Finally, for destroying the communications in the fort, high-angle 
re is required. For this purpose the mortar batteries of the first 
rtillery position should be brought forward. 

The sketch (Plate 3) shows the grouping of the batteries, and the 
ature and calibre of the pieces for a typical attack. 

In fature about 90 pieces in 15 batteries must be allowed for each 
>rt attacked, including the batteries on the flanks and those thrown 
p in rear of the intervals between the forts. 

These 15 batteries for action against the special objective must be 
irown up, armed, and furnished with ammunition in one night, 
'o secure these batteries against sorties, obstacles must be placed 
1 front of them, and the front trenches between the batteries so 
rranged that they can be occupied by a portion of the covering 
x)op8 moving up from the rear ; whilst positions must be found for 
lo main body of these troops on the flanks. 

These measures would secure the safety of the batteries, which 
oulrl also be under the protection of the captured positions of the 
efence, 200 to 500 metres to the front. The engineer attack will 
nly be commenced some days aflber the opening of fire from the 
x;ond Artillery position. 

The preparations for it, however, will have been going on since the 
peniog of fire from the first Artillery position, and as soon as the 
irection of attack has been decided on. 

The dep6t8 for the preparation of the brushwood material, and for 
ie tools, will be placed under cover and at diff*erent points, as near 
9 possible to the attack so as to economise transport. 

The equipment of the parks with tools can be calculated by 
ssuming that for attacking a fort of from 200 to 300 metres of 
'ont, an Engineer attack on a front of from 1,500 to 2,000 metres 
ill be required. Greater extent and connecting parallela seem to be 
nnecessary for a simultaneous attack on several forts. 
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The object of the Engineer attack is to enable the stormiDg 
columns to assemble under cover in the approaches and paralleb, and 
penetrate to the objective. 

The extent of the parallel as given above seems sufficient to enable 
the necessary troops for storming to assemble in the first and second 
parallels. According to this estimate, 2,000 spades and 1,800 picks 
will be sufficient, while sappers and miners' tools will be required for 
the advance on three lines. To these must be added the tools for sach 
number of workmen, principally carpenters, as are needed for the 
construction of bomb-proof cover. Tools for preparing brushwood 
will be obtainable in sufficient numbers from the troops. The tele- 
graph detachments and their materiel are not included here, as these 
are required, not for the Engineer attack alone, but also in connection 
with the administration of the troops, and with the battery groups ; 
they should, therefore, be directly under the commander-in-chief, and 
must come up quite at the commencement of the siege, before the 
arrival of the siege train. 

Finally, for each fort to be attacked, three fortress Pioneer com- 
panies will be required, so as to make it possible to proceed simni- 
taneously against the objective on three lines. Every endeavour 
must be made to commence the engineer attack as near the fort as 
possible. The points of departure for the attack will be the captured 
advanced position of the defence. From them, on the opening of fire 
of the second Artillery position, the outposts will be pushed consider- 
ably to the front to intrench themselves. It will depend on the 
ground, and on the energy of the defence, whether it is possible to 
advance from 200 to 300 metres, or more. It will perhaps be possible, 
in special cases, to push forward the posts to within 500 metres of 
the front. On the following nights, with the aid of such a number 
of workmen as the fire of the fortress allows, the trenches of the 
advanced posts will be widened and ultimately joined up, to form a 
continuous parallel, which will be thrown up at night by the lofiiutry, 
under the direction of the Engineers, and will be provided with com- 
munications to the rear. 

This parallel should be continuous only in frout of the fort attacked. 
If two adjacent forts are attacked, it appears uselesis to connect the 
approaches. 

It is of more importance that the flanks of these attacks be pro- 
tected against sorties by small works and 6eld-guns posted in rear. 

From the parallel, the Engineers will proceed against their objec- 
tive, with three sap-heads, and they will construct a second parallel 
at a distance of 250 to 300 metres from the fort. In addition to ihe 
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Lriilleiy, well-aimed Infantry fire from the first parallel should support 
liese works. For this also, in the further approach, several short 
etnms must be made at a distance from the fort of 450 metres. By 
lay the fire of marksmen will cover the works. At night, on the 
•ther hand, they must be pushed to the front beyond the heads of the 
approaches. On the completion of the second parallel, which will 
lave to be constructed with gabions, and, in the case of an energetic 
lefence, by flying trenchwork from the approaches, the Riflemen will 
>e posted in it to keep down the fire of the fort. 

On account of the precision of modern guns, the use of light 
portable mortars in the parallels appears to be unnecessary and im- 
practicable. The work of such mortars can be more conveniently 
lone from the second Artillery position, and with shrapnel fire. 

The saps to be executed from the second parallel will end with 
the crowning of the glacis, if the besieger has not previously been 
obliged to resort to mining. 

It" thei-e are block-houses in the covered way, the construction of a 
third parallel will be necessary. 

In miming, the attacker must endeavour to make large craters, 
which can be employed for the continuation of the approaches. 

In efiecting the descent into the ditch, mines are necessary for 
Uowing in the counterscarp. 

Covering walls against the caponiers must further be provided for 
bho passage of the ditch ; for although these may have been partially 
destroyed, they may still perhaps be occupied by Infantry. Whether 
the passage is to be effected by a bridge, or by a covered way, depends 
on the nature of the ditch, and the power of the fort to continue 
firing, for it will still be able to bring light mortars into action. 

On account of the tediousness of the underground Engineer attack, 
it is a question whether an attempt cannot be made, where the 
ditch is not wide, to take the forts by surprise by bridging the ditch 
from the crowning. 

On a stormy night, bridging on to the caponiers does not appear 
impossible. If the passage of the Infantry to the dead angle on the 
berm is successful, the tedious underground work can be considerably 
curtailed. But it must not be forgotten, in carrying out soch an 
operation, that the defenders will certainly have provided good obstacles 
at the dead angles, and will, by the exercise of a certain amount of vigi- 
lance, be on the spot to hinder such a passage of the ditch. Doubts have 
often arisen as to whether it is possible, where cover is good, to form a 
breach or destroy caponiers by indirect fire. It is true that the siege 
of Strasbourg showed that the formation of a breach is possible in 
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badly-ooverod masonry, but no example can be given of the formation 
of a breach in woll-coyered escarps. The Engineers must, therefore^be 
prepared to make a breach bj mining. 

The necessity may also arise for breaching the caponiers by mineB, 
since a covering wall will not be sufficient protection for the passage of 
the ditch against intact caponiers, because the defence could destroy 
it by Artillery fire. Such a covering wall can only serve as a protec- 
tion against Infantry fire. 

(6) Examples, — At Danzig, the besiegers commenced the Engineer 
attack, without Artillery support, at a distance of from 700 to 800 
metres (c/. Part 1, Fig. 1). 

The Siege Arfcillery only opened fire when the trenches had ap- 
proached to within 300 metres of the fortress. Notwithstanding the 
superiority of the besiegers' fire, it was still possible for the defenders, 
after they had given up the fight with the siege batteries, to roaintain 
a fire against the heads of the enemy's saps, because the attack had too 
few batteries for high-angle fire. 

While the Engineers had in the first twenty-three days advanced 
their trenches 500 metres without Artillery support, they carried on 
their approach after the opening of fire a further 150 metres iu 
four days, that is to say, at about twice the previous daily rate. In the 
latter period, however, the besiegers came within effective InfanUy 
range, and on ground sloping towards the works of the fortress. 

Nineteen days were required by the defence to advance 100 metres 
farther to the front and to reach the crowning of the glacis. A trench- 
cavalier had to be constructed for the Riflemen — an operation which 
now-a-days would be necessary, wherever the forts are withdrawn 
behind the brows of heights, and whore the glacis extends to the 
effective range of Infantry fire (250 metres), and falls gently towards 
the counterscarp. At any rate, the counter-mining operations, which 
were commenced by the defence on the 12th May, considerably delayed 
the progress of the attack at this stage. 

Finally, it is generally admitted that the descent to the ditch was 
rendered much more difficult by the block-house in the covered way* 
After the burning down of this block-house, mining and Artillery fire 
having been employed in vain for its demolition, it still required abont 
two days to complete the preparations for the assault. 

At Sebastopol, the besieger had betrayed, by the manner in which 
he began his attack, the direction in which it was intended to proceed. 
Serious progress, in the central portion of the attack, between the 
harbour and the Woronzow ravines, was out of the question, because 
the line of the Engineer advance would have been up the ravines leading 
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be fortress, and eonld have been taken in flank by works com- 
iding it bj GO to 70 metres. 

The Engineer attack on the right flank between the dockyard and 
ronsow ravines was stopped in its advance by the Malakofi* com- 
iding it, and was thus aimless. There, therefore, remained only 
really possible course, viz., an advance against the Flagstaff 
;ery on the left — that is to say, on the French flank. Here the 
roaches conld be brought close up to the object of attack without 
ig taken in flank. 

The course of the Engineer attack shows the correctness of this 
reciation of the conditions ; for at the commencement there are 
grounds for attributing to other reasons — such as to less energy 
. activity — the smaller success of the English. 
The French lefb wing gained 740 metres of ground in twenty-two 
8, notwithstanding the weak, ineffective fire of the Siege Artillery. 
) approaches advanced to within 210 metres of the fortress. Under 
er of this advance, the French brought up light Artillery, and 
led the old batteries in rear with heavy guns and mortars. 
Though the English, who opened the attack on No. 3 Bastion (the 
Ian), at a distance of about 1,200 metres, gained at first 400 metres 
ground in eleven days, and pushed forward their batteries ; they 
Id, nevertheless, in the following thirty-one days only advance 800 
;res. At this point, 600 metres distant from Bastion No. 3, the 
^lish attack remained inactive. 

The French advanced in twenty-two days within 210 metres of 
ir objective : after forty-four days the English were still COO metres 
ant, notwithstanding that the English Artillery had produced 
•e effect. The difference in the rate of progress of the Engineer 
ck seems to be due to the method of execution. The English 
it wing was insufficiently supported by the Siege Artillery, which 
aid have extended its front so that no nnretnmed fire could have 
n brought to bear on the flanks of the English attack. 
An Engineer attack between the Woronzow and harbour ravines 
ns to have been superfluous. The sapping work could have been 
3d here by placing Infantry in the ravines and by sweeping the 
«aus with Infantry fire. 

Also, when the besiegers determined to proceed against the Malakoff, 
r attack was so commenced that its object must have been 
mediately apparent. Similarly, the Artillery support to the Engineer 
ck, which at first had to be directed against the advanced Infantry 
itions, was very defective. The Engineers had to work from the 
1 March to the 7tli June to advance 700 metres, because the 



180 

Infantry and Artillery of the defence had learnt, daring the siege, to 
sapport each other's fire in the sorties, and because the attack always 
suffered from want of ammunition and troops. 

The close Engineer attack from the captured positions of defence, 
which was similarly commenced with insufficient Artillery sapport, 
came to a standstill when it had approached to within 180 metreA of 
the Malakoff. Works, carried out with difficulty at night, were 
destroyed in the daytime by the Artillery of the fortress. It was only 
under cover of a general bombardment from all the guns that it 
became possible to approach within 40 metres of the Malakoff, and 
even then flying saps had to be employed. 

The difficulties which may be occasioned to the besieger by mine 
warfare are exemplified in the attack against the Flagstaff battery, 
which, in spite of the quick progress made at the commonoement, had 
to be relinquished owing to the defenders* well-arranged system of 
counter-mines. The soil, consisting of alternate layers of chalk and 
clay, bad induced the besieger to carry on his system of mines in the 
first layer of clay, whilst the defenders had laid their countermines in 
the stratum of clay under the second layer of chalk. The Russians 
here blew up whole French batteries which had been established in 
the craters thrown up by the defence. 

At Belfort, the opening of the Engineer attack followed the captnre 
of the advanced Infantry positions on the 21st January. A greater 
development of Artillery for covering the attack was unnecessary in 
the presence of the badly* armed Perches fort : on the other hand, it 
was found advisable to proceed against the Ch&teau and the town 
with four new batteries on the left wing of the attack. 

The parallel was 3,328 metres long and required 4| battalions for 
its construction, while two battalions covered the work. In one 
night, between 7 o'clock in the evening and 5 o'clock in the mornioKi 
the necessary cover was thrown up to enable throe battalions (2,400 
men) to continue during the day to deepen the parallel to 1*5 metrei. 
The following day also, one to two battalions and one to two Pioneer 
companies, worked at the completion of the parallel, to cover which, in 
addition to two battalions of guards of the trenches, a battalion of 
Infantry was stationed in Danjoutin, P6roun, and in the Taillis wood. 
Under cover of the fire of the besieging batteries, which had to be 
further supplemented, the Engineers advanced 300 metres in nine daja, 
and in nine days more had nearly reached the glacis of the fort. To 
enable this progress to be made, the guards of the trenches hid 
to engage the forts and the troops in their neighbourhood yigoroiuly. 
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It is a qaeation whether it woald not have been better to have 
sapped separately against each fort than to construct a continuous 
piurallel as^inst the whole front. But then a powerful preparation 
suid Artillery support would have been the more necessary. 

At Paris, a parallel was thrown up by degrees, under cover of 
1. heavy bombardment, between the railway station of Meudon 
^nd the village of Chatillon, at a distance of from 900 to 1,000 
metres from the forts. It was provided with a banquette, with 
several gaps for sorties, and bomb-proof cover for the guard of the 
treoches. 

If a large number of batteries had been constructed here under 
:M>ver of the occupied points of the redoubt of Notre Dame de Chamart 
Bind the village of Chatillon, and if the outpostd had been pushed to 
the frout after the batteries had opened fire, it might have been possible 
kogjiin a position from 200 to 300 metres nearer to the forts to be 
attacked, and thus to have effected considerable saving of work and 
time in the close attack. 



VII.— The Assault. 

Against works st;cnre from assault, occupied by a vigilant defender, 
storming is impossible. 

It is impossible to cross, with sufficiently large bodies of troops, 
litches 6 to 8 metres deep, 12 to 14 metres broad, and swept by 
Artillery and Infantry fire. Even with the possibility of bridging over 
ne ditch, so as to get troops to the berm in the dead angle, it must 
^ acknowledged that it will be impossible for them to cross on a 
(mall front in face of the volleys of even weak Infantry. It must also 
*e taken into consideration that the dead angles will be protected by 
bstacles. Storming seems only to ofier a chance of success against 
^orks which are no longer secure from assault ; but even then it is a 
ecessary condition that the attack must be so near to the object 
i to be able to surprise the defence. On account of the necessity of a 
irprise, it seems requisite to leave to the commander of the garrison 
* the trenches to determine when and where the storming is to be 
fected. He alone will be able to correctly judge the moment and 
lead the storming parties. He should be in telegraphic commnni- 
.tion with the batteries, and with the commander of the besieging 
rce, 80 as to be able to inform them of his determination to storm, 
id in order that the fire may be stopped and reserves immediately 
spatched. 
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The time of day chosen for an assault seems to be immaterial, if 
only the element of surprise is secured. 

In practice, storming has been successfully carried out at all times 
of the day if the moment of surprise has been seized. 

The great unsuccessful assault on Sebastopol on the 18th June, 
1855, is the best proof that, even against works not secure from 
assault, storming must fail when undertaken from positions so far 
distant as to make the surprise of the enemy impossible. At the time 
of this assault the approaches had been advanced to within the follow- 
ing distances from the works of the fortress : — 

Against Bastion II. .... 1 ,000 metres. 

„ the MalakoflT 
„ Bastion III. 
„ the Mast Bastion (IV.) 
„ the Central Bastion (V.) 

The place was to be stormed at daybreak after a bombardment of 
24 hours. 

609 guns, with a supply of from 100 to 150 rounds, opened fire at 
4 o'clock on the 17th Juno. At 8 o'clock in the evening it was thought 
that the Artillery of the defence had been overpowered, and, when 
darkness fell, the Artillery fired at its former rate at greater ranges, so 
as to search the communications and the interior of the works. 

At the assault on the morning of the 18th Jane, eight French 
divisions of 5,000-7,000 men and four English columns, each of 1,200 
men, were prepared. These, on a signal being made, were to advanos 
against the whole front in nine columns. 

The premature advance of the right flank column is said to htre 
caused the failure of the assault. 

It appears, however, that this failure was due rather to the im- 
possibility of a surprise, for the right flank column had to cover more 
than 1,000 metres of ground before reaching the object of attack. 

Some of the attacking columns closer to the plaoe saooeeded ia 
penetrating into the works, but were repulsed by the muskeirj fire tsd 
counter-attacks of the Russians. 

The second and successful assault of Sebastopol was preceded hj* 
bombardment of 21 days. In the last three days of this bomfaftrd- 
ment, from 700 to 800 guns are said to have been in action, firing 
against the works of the fortress at varying rates and with irregnbr 
pauses. 

The trenches had been advanced to within the following distaooei 
of the works : — 
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Against Bastion II . 


100 metres 


„ the Malakoff 


, . . . 36 „ 


„ Bastion III. 


. . . 136 „ 


IV 


. . . . 60 „ 


V 


. . . 90 „ 



The assault took place at noon, and was directed in three columns, 
principally against the Malakoff and Bastion II. 

The troops, which stood ready opposite the remaining fronts, were 
only to advance after the success of the principal attack. The storm- 
ing of the Malakoff, for which bridging over the ditch was employed, 
succeeded, bat not the attacks on the other fronts, for the Russians 
fired grape and advanced their reserves at the right moment. It 
almost seems as if the repulse of the remaining storming columns 
aided in the capture of the Malakoff; for, on account of the retreat 
of these columns, a portion of the siege batteries were enabled to re- 
commence firing, and support the flanks as well as the front of the 
(»ptured Malakoff. 

If the two assaults are compared with one another, it will be seen 
that the successful one is distinguished by better preparation, and by 
i successful concentration of force on the object of attack. 

A limitation of the front of assault, the occupation of all the ground 
n front of the fortress, and flank sup[K)rt by means of Artillery fire, 
am alone ensure the moment for surprise being turned to account. 

The experience gained at the storming of the fortress of Kars on 
•he night of the 1 7th November, 1877, seems to contradict the above 
riew, for here the Russians, attacking from some distance, captured 
he forts on the east bank and the town, from an enemy of equal 
trength. But it must be remembered that Elars was hardly worthy of 
he name of a fortress. 

The fact that as early as the 4th November, the retreat of the 
?arkiBh sortie gave two Russian battalions in pursuit the opportunity 
f penetrating in broad daylight into Fort Hafis, at a time when no 
Lege batteries were in action, is sufficiently characteristic of the con- 
ition of Kars to justify the above assertion. 

From the account of the assault (Sarauw, page 204 ei aeq.) it is 
irther evident that these conditions cannot possibly recur in the case 
f modem fortresses if prepared and vigilantly defended. 

This applies even more in the case of Ardahan, where, besides 
mnt of materiel, a want of system was apparent in the design of the 
»rtB which was eminently disadvantageous to the tactical oonditioiis 
r the defence. 
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VIII. — COHCLUSION. 

When the besieger has taken an important point, and establiabed 
himself in it, the attack will be continaed in soch a manner that erery 
operation is preceded by a thorough preparation by Siege Artillery. 

Whether works lying on the flanks must be taken before the supply 
centre (VorrcUhscentrum) of the fortress is proceeded against^ will depend 
entirely on tactical considerations. 

The bearing of the defenders will decide whether an abridged form 
of attack can be resorted to. 

For the Artillery of the attack, only one task is of paramount im- 
portance : viz., the destruction of the materiel of the defence. For 
this work special batteries must be detached to fire at any magazines 
which are visible, or the positions of which are known. 

The quick execution of this task will prove itself especially nsefnl 
against a stubborn defence. It now remains, in conclusion, only to re- 
capitulate shortly the stages of a regular attack, graphically shown on 
sketch No 5. 

1. The advance of the besieger takes place on a broad front to 
within one day's march of the fortress. There the besieger, gaining 
touch of the fortress, but remaining at a distance of half a day's marcb, 
concentrates towards the flanks in two masses, completes the necessary 
passage of the rivers, and proceeds, if possible simultaneously, to the 
investment by deploying from these two masses, while the corps cover- 
ing the siege advances sufficiently to the front. 

2. The restoration of the broken line of communication, the recon- 
naissance of the fortress, the determination of the plan of attack, and 
the preparation for attack are carried on under cover of the blockade 
position at a distance of 4,500 to 5,000 metres from the fortress. 

3. On the completion of the preparation for attack, the Infantry 
will be pushed forward as near as possible to the fortress, and the 
preliminary batteries will be built on such an arc as to secure con- 
cealment of the direction of attack, and provide for its safety against 
fire from the flanks and sorties. 

4. During the bombardment by the preliminary batteries the In- 
fantry of the defence occupying the foreground is forced back on snch 
an arc as to ensure the concealment of the direction of attack. 

5. Under cover of the captured Infantry positions, the besieging 
Artillery is pushed to the front so as to completely silence the fire of 
the forts as well as the fire from defensive positions in their rear and on 
their flanks, and for breaching. 

6. After the silencing of the guns bearing on the direction of attack) 
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the first parallel is opened at a distance of abont 700 metres, with a 
view to secure farther positions and approaches for the colnmns of 
assault. 

7. When the objective has been sufficiently approached, when its 
fire is silenced, and when there is a possibility of forcing an entry, the 
assault, based on surprise, is undertaken. 

These principles are of coarse only applicable in the case of an 

energetic defence. They will be considerably modified in practice. 

For this reason, in the attack of a fortress, the method of defence and 

the character of the defenders are the principal factors which govern 

the decisions and the actions of the besiegers. 

M.N. 
London, 

September^ 1884. 
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rAPEE IV. 



FREQUENT REPETITIONS OF LOAD. 



By Alexander B. W. Kennedy, M. Inst. C.E., Prof, of Engineering 
and Mechanical Technology in University College, London. 



Ik the two lectares which I have been asked to give yon on this 
sabject, I propose in the first instance to describe to yoa the principal 
experiments that have been carried out with a view to the determina- 
tion of the effect npon a material or structnre of the freqnent repetitions 
of load, and then to discuss with you tbe results which have been, or 
remain to be, deduced from these experiments. 

Before considering in the present lecture our subject under the first 
of these heads or divisions, it is important that we should clear the 
ground by examining what we mean when we speak of the strength of a 
materialy and how materials in general behave when subjected to any 
load. The phrase 'the strength of a material,' is used in several 
senses : 

First, by the strength of a material, we may moan the ordinary 
or static breaking load, such as is found by au experiment in a testing 
machine. The locui is gradually applied, increasing quietly and 
continuously from zero to a maximum, and with a given material only 
the magnitude of the final load here comes into consideration as a 
measure of strength. This load is the one which in all ordinary 
experiments is taken to ^present the strength of the material. 

Secondly, the strength of the material may be measured, not by a 
load applied once for a few minutes, but by a load continuously applied 
over a long interval of time. In such a case the resistance of the 
material may depend not solely upon the magnitude of the load, but 
alBO upon the time during which that load acts. It is quite possible 
for a load, which applied for five minutes will not break a piece of 
material, to destroy it entirely if it be allowed to act for five months. 
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Thirdly, a load may be frequentl ^ repeated, or, what anioantii tc 
the same thiug, the amount of load may repeatedly change froni a 
minimum to a maximum. In this case the resistance of a materia] 
may bo affected not only by the magnitude of the load, or by the leng-th 
of time over which the load is caused to act, but very greatly by the 
number of repetitions of load which have occurred in that time. 

In all these cases it has been assumed that the load is applied 
quietly and without shock. If the load bo applied with a jar, or shock, 
or vibration, the result may in any one of them be again very different, 
the manner of application of the load itself forming iu each case an 
important factor in the ' strength.' 

There is therefore no one load, the same in all three cases, which 
can be said of itself to measure completely the strength of the ma- 
terial. If we are, for instance, dealing with a piece of iron of which 
the strength is said to be 20 tons per square inch, in order to jadge 
of it we must really know whether this load has been a mere testing 
machine load, or whether it has been applied continuously for a long 
time, or whether it has been over and over again repeated, or lastly, 
whether in either case it has been applied quietly, or with any amount 
of shock or momentum. A piece of iron, for instance, whose tenacity, 
measured in the ordinary way, is 22 tons per square inch, would very 
probably break with 15 tons per square inch if applied a sufficient 
number of thousands of times. 

But in addition to the resistance bf the material measured as tena- 
city — so many tons or pounds per square inch — there is another way 
of looking at the strength of a material, which must be kept distinctly 
separate in our minds. 

Before a material can be broken, not only must a certain load bo 
applied to it, but also a certain amount of work mu8t be done on it. 
This amount of work, which must be measured in foot-pounds (or 
foot- tons or inch- tons), and not in pounds or tons, of course, depends 
both on the load and on the extension or deflection. In the case of 
a piece of material broken in the ordinary way in a testing machine, 
the amount of work depends entirely on the material itself, and is abso- 
lutely determined by it. It is not in our power to increase or decrease 
it in any way whatever. But it is very easy to arrange the experiment 
otherwise. Suppose we have two bars lying or resting on similar 
supports at an equal distance apart, and that one can support a load of 
six tons in the centre with 1-inch deflection before it breaks, while the 
other can support a load of three tons with 5-inch deflection. K a load 
were gradually applied iu a testing machine there would be done on ihe 
first bar about 3 inch -tons of work, and on the second about 7^ inch- 
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Has of work before it broke, these amounts being exactly those which 
'€3 material can natarally take np. Bat snppose the same bars placed 
t^der a monkey-weight of 2 cwt. 50 inches above them ; if that weight 
5 allowed to fall, it will have stored up in it 5 inch-tons of work by the 
03e it reaches the bar, and that work mast be taken up by the bar before 
can bring the weight to rest. The amoant of work here is therefore 
Elite independent of the natare or strength of the bar. The first 
^T would break under it, because at 1-inch deflection it could only 
tke up 3 inch-tons of work, so that the weight would continue falling 
^d deflecting the bar until the bar could stand no further deflection 
ithout fracture. The second bar, on the other hand, would take up 
le whole work without being broken, because it requires 7-^ inch-tons 
f work to deflect it so far as to break it. Hence, the second bar will 
ctoally present the higher resistance, although in the ordinary sense of 
le word its strength is much less than that of the first. We shall find 
resently that this may be a somewhat important matter in connection 
ith our special subject ; the point of it lies in this, that when circnm- 
ances compel a particular material to take a certain amount of work, 
Lstead of exposing it only to a certain definite load or stress, it is not 
ways the strongest material, in the testing- machine sense of the word, 
lat will ofier the greatest resistance. 

In order to be able to understand the real nature of the efiect of 
n^-coutinued and repeated loads, it is further necessary first to have 
clear notion of what happens to a material when it is broken by a 
n^le load in a testing machine. Let me remind jou of the experi^* 
lents you saw a few days since at University College upon a piece 
: soft steel, taken as an example of very ductile and homogeneous 
laterial. Extension began at once and was made visible to you even 
ader the very smallest loads ; and a particular length of piece was 
»and to balance each particular load, the length increasing as the load 
icreased. For a time these extensions continued so small as to be 
aly visible by special apparatus and measurable in thousandths of an 
Lcb, but remained always strictly proportional to the loads causing 
lem. 

Then for a time there came a slight increase of strain (or extension) 
I proportion to stress or load, and a small permanent set made its 
ppearanoe when the load was removed. 

This we may call a second stage in the testing of the material ; the 
rst stage being represented by the period during which the material 
ras perfectly elastic and without permanent set, and the strain exactly 
roportional to the stress. Next, at a very distinctly ma^rked point, a 
hiULgo in the behaviour of the material occurred which might be best 
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described by tbo expression * breaking down.' The material behaved 
much* as if it consisted of two sets of fibres, one mach stroiiger than 

A A. 
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the other, of which, when a particular load was reached, the weak 

fibres A A broke, and the unbroken fibres BB stretched a good deal 

before the material coald again resist the load. Perhaps what happens 

may be best seen from the following illastrativo table : — 

Length of specimeD. Load balanced at that 

Inches. length. 

10000 .... 
10*003 .... 10,000 lbs. per sq. inch. 
10006 .... 20,000 
10009 .... 30,000 
10-020 .... 31,000 

/spedmen suddenly refused to hold up against 

32,000 lbs., bnt its resistance diminished to 

11030 . . . ,\ abont 24,000 lbs. and the length iDcretsed to 

10-2 inches before the load baUnced 32.000 
^ lbs. per sq. inch. 

After this the material goes on increasing in length at a much 
greater rate than that at which the stress increases. The whole 
phenomena are graphically shown in Fig. 1, Plate I., where a cnrre 
is drawn whose vertical scale represents extension, and its borisontal 
scale stress in pounds per square inch. The upper curve on the left 
hand side of the figure shows the first small extensions 200 times their 
full size. At about a stress of 30,000 lbs. per square inoh the exten- 
sions cease to be uniform, and the permanent set begins to incretfe. 
At a stress of about 40,000 lbs. per square inch the breaking down 
point is reached. After this point extensions cannot be plotted out on 
the exaggerated scale any longer, they are shown on the right hsa^ 
side of the diagram in their actual size. The smaU vertical line at ihe 
breaking down point shows the rapid extension which takes j^aoe thoie 

* This rough illustration must not bo taken as a real phjsieal ooantaipirt of 
what occurs. The * break down ' and increase of length at tois poiitt tMBU to oeeor 
successivelf at different points, and from point to point along tlie leqgtii of the bar* 
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nd which was illastrated in the table just given. The stress does not 
i reality remain constAnt here, bnt diminishes, so that there is a back- 
ward loop in the carve instead of a vertical line, bat into this matter 
cannot enter hero. The particular piece of material whose behaviour 
i shown in the figure stretched about 2^ inches before it broke, and 
ad a tenacity of about 70,000 lbs. per square inch. 

The point which I have called the breaking down point corresponds 
erj nearly to what is usually known as limit of elasticity y and we may 
ae that expression for our present purposes without practical error. 

It is obvious that in any structure or machine a load exceeding ths limit 
f elaHiciiyy or hreakiiig down pointy eaiiiwt evenoiice he applied under any 
ircumsiances whatever without destroying the form a7id usefulness of the 
tructure altogether. I ask yon to notice this point particularly, as its 
eglect appears to me to have involved a very important aud serious 
illacy in conclusions drawn from the experiments on repeated loads 
rhich I am about to describe to you. 

There is a great deal of difference of opinion as to whether it would 
ot on this account be right rather to consider the limit of elasticity 
[lan the ordinary breaking load as a measure of the strength of the 
laterial, as that limit really does represent the maximum possible 
)ad which may come on our structure, without at least temporarily 
eetroying its efficiency. I will not, however, go into this controversy 
irther than to point out that there is an obvious advantage in having 
B broad a margin as possible between the load which first visibly 
trains the structure, and therefore calls our attention to its dangerous 
>ndition, and the load which breaks or destroys it completely, carrying 
at once past all remedy. Therefore not only a high limit, but also a 
ifference as great as possible between the limit and the breaking load, 
, most desirable in all materials which have to be used fur structural 
orposes. 

It has been known for many years, that a load which would only 
;rain a piece of material to an exceedingly small extent if once applied, 
kight eventually break it altogether if the applications were long con- 
nued, or repeated with sufficient frequency. This matter formed one 
r the subjects of 'The Report of the Royal Commission on the use of 
ron in Railway Structures,* issued in 1849, a report which remains to 
lifl day a storehouse of much useful information on most subjects 
ounected with the strength of materials. Captain James chiefly, with 
laptain Douglas Galton and others, made a number of experiments 
a this direction, which, carefully made and accurately reporteil, 
emain still interesting and useful. 

A number of these experiments wore conducted thus : — A cast- 
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iron bar, two or three inches sqaare, was placed against sapporta 
twelve or thirteen feet apart, and caused to deOect horizontally by a 
known load until it broke, the deflection jnst before fracture haying 
been recorded for a number of bars. Another similar bar, placed 
against two similar abutments, was exposed to blows from a falling 
pendulum of from 120 to 150 lbs. weight, caused to swing from sucha 
distance as to produce a deflection one-third as great as the deflection 
just before fracture, which corresponds to a stress in the metal of 
about five-twelfths of the breaking stress. The bar never broke, and 
apparently could stand an unlimited number of repetitions of this load. 
The swing of the pendulum was then increased so as to prodace a 
deflection one-half as great as the maximum of deflection of the bar, 
which corresponds to a stress of about seven-twelfths of the breaking 
stress. With this deflection all the bars tested eventually broke after 
a few hundred blows. The same results were obtained by similar 
deflections given to similar bars by 'cams.* The same resalts were 
also obtained when rolling loads, equal to a third the dead breaking 
weight, were caused to traverse the bars quickly at a speed of abont 
80 feet per minute. Unlimited traverses of one-thii*d the breaking load 
could apparently be sustained. Only one bar, however, could stand 
repeated traverses of a load equal to one-half the breaking load. No 
doubt these travelling loads caused, from their mode of application, a 
greater stress than equal static loads would have caused, and therefore 
a greater deflection. 

The general conclusion arrived at from these experiments was, that 
a cnst-iron bar which could stand any given stress mice before it broke, 
could only stand about half that stress before fracture, if repeatedly 
applied. To this conclusion we shall return later on. 

Cast-iron was then a material of very much greater constructiTe 
importance than it is now, and nearly all the experiments of tbat 
time were consequently made with it. A very few of Captain James a 
experiments were made with wrought-iron in a similar fashion, and 
gave the result that about two-thirds only of its maximum break- 
ing stress coula be applied unlimitedly. Any stress above this caosed 
fracture ultimately, afler it had been repeated a certain number of 
times. This result is remarkably similar to others obtained by more 
exhaustive experiments recently made, of which I shall shortly tell yon* 

The question then arose and was discussed — and has oonstastly 
been recurring since that time — when a piece of material has received 
a number of blows, or vibrations, or shocks, or repeated alterations of 
stress, is it changed in its own nature ? particularly, does it, or does it 
not, become more crystalline and correspondingly more brittle ? 
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The point is a verj important one, and we shall have to consider it 
^ery carefallj fQither on. Its importance lies in this, that if the mere 
repetition of a load is of itself capable of causing some deterioration 
^f stractore, then all the parts of all machines and strnctnres mast 
>robablj be deteriorating, and their giving way altogether must only 
^ a question of time. 

Robert Stephenson, examined before the Commissioners on this point, 
xpressed himself with characteristic good sense : ' As to the question 
f change being produced in wrought- iron (which is a very popular 
ud almost universal theory now), I have not known one single 
^stance in which I have traced it to its origin, where the reasoning 
^as not deficient in some important link.' 

Brunei and Fairbairn agreed with him ; Hawkshaw was, however, 
oubtful, and Fox scarcely more certain. As regarded Captain James's 
(periments themselves, however, it was quite certain that the cast-iron 
''as not in itself weaker for the repeated blows, for the broken halves 
'ere often retested, and never showed any signs of inferiority. 

The whole matter seems to have dropped out of the region of expo- 
ments for some years, until Fairbaim*s oflen quoted experiments with 
rivetted girder, which on account of their practical nature are well 
orth examination. These experiments were made for the Board of 
rade, in 1860-61, and are described in the * Philosophical Transac- 
ons of the Royal Society ' for 1864, as well as in the third series of 
Useful Information for Engineers.* 

The girder experimented on was a light plate web girder of the 
<2tion shown in Fig. 2, Plate I. It was 16 inches deep, built up of plates 
id angles of the dimensions given. It was made to rest upon brick 
alls 20 feet apart. A load was applied to it by means of a large cast- 
on lever placed underneath it, the free end of which was alternately 
jsed and lowered by power, in such a way that when raised the 
rder was relieved of load, and that when lowered a known load 
as allowed to act from the lever on the centre of the beam, with, 
>wever, an unknown amount of jar and vibration. The actual static 
reaking load of the girder is not known. Fairbairn calculated it to 
3 12 tons, but it could not well have been really more than 10 tons, 
robably enough it was only 9 tons, for even this load would be 
ifficient to give a stress of 21 tons per square inch in the metal 
3tween the rivet holes. 

First of all a load of 3 tons was applied to the girder, causing a 
xeaa of about 7 tons per square inch in the metal, and nearly six 
andred thousand repetitions of this load failed to make any signs of 
Jlure show themselves in the beam (March 21st to May 14th, 1860). 
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An increase of load to 3^ tons (8*2 tons per sqaare inch) increased tbo 
deflection of the beam from 01 7 to 0*22 of an inch, but fonr hundred 
thousand applications of load (May 14th to Jane 26th), making one 
million applications in all, failed to caase any farther increase of deflec- 
tion, so that this load was assamed to be capable of doing no harm, 
however often it might bo repeated. The load was then increased to 
4'7 tons (equal to 10*8 tons per sqoare inch), and the deflection at once 
went on increasing; while, after 5,175 repetitions of this load the beam 
broke in the tension flange (angles and plate). The girder was then 
repaired properly and again loaded, but by some accident the beaTj 
load just mentioned was repeated, and, before it was stopped, one 
hundred and fifty-seven repetitions had caused 'a large but uDmea- 
sured set.' From this it is clear - a point of much practical importance— 
that 10*8 tons per square inch was a stress very close to the limit of 
elasticity of the structure. The load was then reduced to 3'G tons, 
and afterwards to 3 tons on the centre, and 3,150,000 repealed appH' 
cations of that load were made with no alteration from the original 
deflection (August 13th, 18G0, to October 15th, 18G1). Then 4 tons was 
again applied and, after 313,000 applications the beam broke a second 
time, the calculated stress in the flanges being 9*2G tons per square 
inch. From the experiment it appeared that the load did not at once 
cause any dangerous deflection ; that, up to about 250,000 appHcafcion«, 
it did not appear to be going to have any efiect-, but went on afterwards 
to cause great deflection and ultimate fracture. The case is altogether 
remarkable as being one in which, by an accident, a load exactly on the 
border line between safety and destruction had been reached. 

The results of Fairbairn's experiments are not numeroas, or of 
very great importance, because we do not know the real static strength 
of the girder, and so have no proper standard of comparing the loads 
which broke the beam, when repeated, and the load which woold 
have broken it in one application. But qualitatively the experimeDts 
are very important for two reasons, viz., they show first, that no number 
of repetitions of some loads appear to tend in the very least towarclB 
fi*acture ; and, secondly, that after a certain load, about equal to th« 
limit of elasticnty, is readied, fracture is sure to occur ultimatelj) i^ 
only that load be oft^n enough rejK'at^d. 

The attention of engineers, however, has only been very speciallf 
called to this matter since the publication of Wiihler's experiments in 
1870. These experiments, which extended over many years brfore 
that date, and which were brought to an end, so far at least as Wobl^i' 
was concerned, by his appointment as Director of Railways in AImo^ 
still form (in spite of their great incompleteness) the most important 
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ontribution yet made to our experimental knowledge on this subject. 
^beir primary object was to determine the effect of the frequent 
apetition of load on a piece of material. For this purpose special 
iiachines had to be designed, two of which are sketched in Figs. 1 and 2, 
^late III., respectively. 

Fig. 1, Plate III., shows the machine for repeatedly applying a tension 
arying between zero and a maximum, or between some minimum load 
nd a maximum one. In the figure, A is the bar to be tested ; S and R 
he holders between which it is held. B is the main framing of the 
machine. The upper end of the test-piece is pulled by a knife-edge 
ink from a lever C, whose fulcrum is at D, upon the top of the frame 
{. From the further end of C hangs a link £, carrying a knife-edge 
pon which rests one end of the bar F. The other end of F rests 
pon a knife-edge upon a lever G, whose fulcrum is at H, and which 
} held down by a spring P, acting through a spindle O. Q is a set 
crew by means of which the lever G can be adjusted. The bar N 
entirely separate from the machine) is worked from an eccentric 
pon a revolving shaft. As it moves up it raises the lever M, and 
onseqnently depresses the slotted bar L, and so pulls down also the 
lar F, through the intervention of the bent steel spring K. The 
irorking of the machine is as follows : The spring P is first adjusted, 
o that the pressure which the bar F must exert in order to press 
Lown the short end of the lever G may be of any required amount. 
?he bar N is then set in motion by its eccentric. The oscillation of 
he lever M alternately pulls down and releases the bar F. The pull 
»n F is transmitted to the test-piece by the lever C, as long as it does 
lot exceed the amount just mentioned required to depress the left 
land end of G, and stretch the spring P. If, however, the lever M 
sontinues to move down, after this particular pull is reached, it no 
ongor pulls the test-piece, but it causes the right hand support of the 
ever F to give way, as it has been only adjusted to this particular 
amount of resistance. In this way it can be insured that the test-piece 
V. shall not receive a load accidentally too great on account of too 
preat a motion of M, which may of course easily occur. Further, by 
idjosting the set screw Q, it may be arranged that this known load 
lecessary to stretch the spring shall be exactly reached in each case, 
lo that there may be no chance of a load smaller than that intended 
jeing repeated. By adjusting the nuts on the spindle L, it is possible 
easily to give any required minimum value to the pull in A, so that 
*hat pull instead of rising each time from zero to some maximum shall 
wry between any two desired limits. 

The machine shown in Fig. 2, Plate III., is designed for testing the 
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bebavioor of a piece of material exposed altematelj to tension and ooira- 
pression. The frame K carries two bearings FF, in which refolfes m 
spindle A carrying sockets B. At each end of these sockets is placed ^ 
piece D, to be tested. At G on the outer end of this piece is connected sk 
flat spring £, by means of which any desired pressure can be bronght 
upon the over-hanging end of the test-piece. The spindle A, earrjing^ 
the test-pieces with it, is caused to reTolve continually by means of the 
pulley C. As D revolyes each fibre of it is alternately brought to ita 
top and bottom side. The fibre on the top side is always in tensioii 
because of the bending action of the pressure due to the spiing £. 
The fibre on the bottom is always in compression from the samdcaoia 
As the top and bottom fibres are always changing places, each fibre ia 
the whole piece is exposed alternately to tension and. to compresnoQ. 
The rotating action of the machine is not therefore adopted for its own 
sake, but is only used as a convenient method of obtaining alternate 
tensions and compressions. 

A similar machine was also used for measuring repeated bendings. 
This it is not necessary to describe in detail. 

It will be seen that these machines could be worked continuously, 
and that by their means it was possible to apply different kinds of load 
to bars through an unlimited number of repetitions. Two remarkable 
sets of results were obtained in the experiments made by Wohler, the 
nature of which results is shown in the diagrams Fig. 3, Plate L, and 
Figs. 1 and 2, Plate II. Fig. 3, Plate I., and Fig. 1, Plate II., shoir the 
cfibct of simple repetition of load, varying between zero and some pt^ 
ticular maximum. Bars cut, for instance, from a cast-steel axle made 
by Krupp, and tested for repeated tensions. in the machine in Fig. 1, 
Plato III., gave the following results : the tenacity of the material 
measured in the ordinary way being about 52 tons per sqove 
inch. The material stood 18,700 repetitions of 40 tons per sqoaie 
inch ; 4G,300 repetitions of 35 tons per square inch ; 170,000 repeti- 
tions of 30 tons per square inch ; 474,000 repetitions of 25 tons per 
square inch ; and when the load was reduced a little below 25 torn 
per square inch, the material stood 13,600,000 repetitions of load 
without being in any way apparently injured. ExaoUy similaiif * 
piece of soft steel tested in bending, which broke under one applica- 
tion of sometliing over 60 tons per square inch, stood 39,900 ai^oa> 
tions of a stress of 50 tons per square inch ; 72,500 applioations d * 
stress of 45 tons per square inch ; 133,600 applications of a stresB of 
40 tons per square inch ; 199,400 applications of a stress at 35 ions 
per squai*e inch ; 468,200 applioations of a stress of 30 tons per square 
inch ; and when the stress was decreased to 25 tons per square inch, 
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e piece stood 40,000,000 applications of load without showing the 
Ightest sign of injury. 

The diagrams in Fig. 3, Plate I., are simplj graphic representations of 
cee figures, the vertical heights representing the number of repetitions 

load ; horizontal distances, corresponding stress per square inch. 

In Fig. 1 , Plate II., are shown graphically the results of experiments 

which the stress did not vary from zero to a maximum, but from some 
Yen minimum to a maximum. A piece of spring steel for instance, 
milar to that just described, was found to stand 62,000 repetitions of 
reR8 varying between 8 and 50 tons per square inch ; 150,000 
petitions of stress from 17 to 50 tons per square inch ; 377,000 repeti- 
mB of stress varying from 29 to 50 tons per square inch ; but 
,000,000 repetitions of load varying from 33 to 60 tons per square 
ih. In each case, except the last, the material was broken after the 
mber of repetitions stated. In the last case it remained unbroken 
d uninjured. 

The other diagram shows exactly similar results, obtained with 
bar of hard spring steel. Taking them together, we see that a 
jcture of a piece of material in this case has not been determined 

the maximum load put upon it, but by what may be called 
J range of stress to which it has been SDbjccted — or, the difference 
;ween the minimum and the maximum stresses — the maximum 
da remaining the same in each case. The pieces broke after a com- 
ratively small number of repetitions, if the minimum load was 
all (that is, if the range of stress were great), bnt remained quito 
injured without alteration of maximum stress, if only the range of 
ess were made small enongh by increasing the minimum stress. 

The case where a piece of material was exposed alternately to 
ision and compression might be considered as one with a very 
ge range of stress, a range obtained by adding together the two 
esses. Thus, if the minima m stress be zero, and the maximum 
,000 lbs. per square inch, the range of stress will be 10,000 lbs. 
r square inch ; whereas with the minimum stress of 7,500 lbs. per 
aare inch in compression, and the maximum of 7,500 lbs. per square 
jb in tension, the range of stress will bo 15,000 lbs. per square inch, 
d we might expect that the materials would give way by a smaller 
raber of repetitions than before, although the maximum stress was 
tually not so great, being, viz. 7,500 lbs. instead of 10,000 lbs. per 
dare inch. This result was found to be substantiated by experiments 
ide in the machine shown in Fig. 2, Plate III. 

Fig. 2, Plate 11., shows in form of diagrams a summary of the results 
several of Wohler's experiments. In each diagram the ordinates of the 
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upper straigbt linefl give the maximnm intenBity of stress per sqnare incb. 
The ordinatea of the lower irregular lines give the minimam intensity 
of stress per sqnare inch. The vertical lines included between these 
two give the range of stress under which the material was foand to 
remain practically uninjured by any number of repetitions. ThoB, for 
instance, in the Krupp steel axles (the lower of the three diagrams), it 
it was found that a stress varying from 14 tons per square inch com. 
pression to 14 tons per square inch tension (these figures are ronnded 
off), could be sustained an unlimited number of times. A stress tbtj- 
ing from nothing to about 23 tons per square inch could also be 
sustained an unlimited number of times, as could a stress vaiying 
from 20 to 40 tons per square inch. Under each of these oonditioiis 
the material was equally uninjured after millions of applications of 
load. In one case the piece was actnally under test for more than ft 
year continuously, receiving about 13G millions of repetitions of load 
without showing any permanent effect. 

I have mentioned that Wohler's experiments were interrupted by 
his removal from Berlin. These were subsequently continued by bis 
successor Professor Spangenberg, who, however, died some few years 
ago, and since his time no further results have been published, although 
the machines are still in existence. They are now under the control 
of the Prussian State Testing Department, and further experiments are 
being made with them. Spangenberg's experiments did not give any 
new results, and it is not worth while to analyse them here. Wohfer's 
experiments were originally published separately under the title of 
•Ueber die Festigkeitsversuche mit Eisen und Stahl' (Ernst u. Kom, 
Berlin. 1870). The substance of them was printed in 'Engineering/ 
Vol. XI. (1871), whore also will bo found drawingfs of the machines 
themselves. It is intended to publish the results of the new experi- 
ments in the *Mittheilungen a. d. Konigl : techn : Yersuchs-Anatalten.* 

In my next lecture wo shall have to consider the real meaning oC 
these experiments, and the effect which a consideration of them should 
have upon practical design. 



We have now to consider the bearing, on practical work and design, 
of the facts and experiments already described. We must in the finit 
instance notice to what extent structures or machines are actually 
exposed to repeated loads. In a steam engine the greater part of the 
framing, as well as the piston rod and the connecting rod, ard alter- 
nately in tension and compression. The alternations are repeated at 
every stroke perhaps three or four thousand times in an hour, or ten or 
twelve million times in the course of a year. The connecting rod has 
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also alternate bendings in both directions, in the plane of the orank, 
doe to centrifugal force, and a locomotive side rod has also bendings 
in a horizontal plane dae to carves on the line, or even anywhere along 
the line, in cases where axles have end-long play. Thus the principal 
^taia of an engine are exposed to continual repetitions of stress, 
tension, compression, and bending, occurring so rapidly as to make up 
an enormous total in the life of the machine. 

In a bridge, repetitions of load are far less frequent, and of a dif- 
ferent kind. All the bars and plates of a bridge are permanently 
strained with some stress due simply to the permanent load or dead weight 
of the structure. This is continual, and therefore here, if anywhere, we 
may expect to find the effect of time upon the material. In addition 
to this stress caused by dead weight, whenever a train passes over the 
bridge the stress in each bar is increased to a maximum ; if it has been 
in tension before it has now a greater tension, if it has been in com- 
pression before it has now a greater compression ; in every case each 
part of the bridge is subjected to some range of stress varying between 
definite limits. This change of stress may happen ten or twenty times 
an hour or oftener, but would have to be extremely frequent to amount 
even to 150,000 in the course of a year, a very small number of repe- 
titions in comparison with the number found in the case of steam 
engines. 

It has been suggested that the effect of alterations of temperature, 
such as occur every day, may be to cause alterations of stress. In 
some instances this may be the case. The frequency and magnitude 
of such changes are, however, not great enough to make them worth 
taking into consideration in the present lecture. In the case of guns 
the repetitions of stress are of course even less frequent. 

It is therefore only in machinery and structures intended for very 
long life, that repetitions can ever be numerous enough to make 
their actual number sufficient to cause probable deterioration or de- 
struction. 

The question which obviously seems to come first is, then, the one 
which has already been looked at, viz., ' Do these unavoidable repeti- 
tions of load cause slow but inevitable deterioration of the material ? ' It 
is obviously a thing which on scientific grounds is hard to believe, and 
cannot be believed without the production of very strong evidence. 
The evidence which has hitherto been given to support such a con- 
clusion resolves itself practically into a statement of the brittle appear, 
anoe, the largely crystalline structure, and so on, of broken axles and 
tyres. But on this point there are two things to be said, viz. : Firstly, 
that the metal may always have been crystalline and brittle, and that 
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this brittlenesa may have been indirectly the canae of the fracture 
withoat haying been itself prodaCed by the vibrations ; secondly, that 
the mere fact that the fracture is crystalline does not prove the netal to 
have been in the ordinary sense of the word crystalline throughout 
Nearly every piece of iron can be broken so as to show crystal or fibre 
in the ftuctnre, at pleasnre. Perhaps this may be taken as indicating 
that the material is always in reality crystalline, the so-called fibrooB 
appearance not being analogoas to the real fibre in wood, bat more or 
less an indication of want of proper oontinaity in welding. In any 
case the mere appearance of the fracture is practically no eyidenoe 
at all ; it proves absolutely nothing as to the point in question. 

Another appearance in the fracture found by Professor Spangenberg 
has been considered by him to be distinctly traceable to the repeated 
loads. This is the appearance of a finely granular core surrounded bj 
crystal, in which are visible lines distinctly radiating from the core, 
which may or may not be in the centre of the fracture. In bis ac- 
counts of his experiments he connects the existence of this core with 
the gradual giving way of the pieces under ' fatigue.' As you will see, 
however, from the examples upon the table, this fracture is a quite 
common one in pieces tested in the ordinary way, so that its appearance 
may be said unquestionably to have nothing to do with the repetituw 
of load. 

On the other hand there is a total absence of any direct evidence 
of weakness in the material itself. I showed you the other day experi- 
ments on pieces of material cut from girders that had seen cDormoas 
traffic. I have similarly tested tyres that have been used till thej 
were worn down so thin as to crack ; of coupling rods and axles nsed 
till they had actually given way, cracked or broken ; and I showed 
you also a piece cut from a locomotive weigh shaft, which had seen 
some wear and had been in appearance extremely unsound. 

In no case was there any sign of weakening of the metal itscdf (I 
do not say of the piece of material as a whole, of that I shall speak 
presently), or of any abnormal crystallisation. Probably it would bave 
been impossible for any one to have said from the appearance of ibe 
fractures, or the general results of the experiments in those cases, that 
any one of those pieces had had any special amount of work done 
on it, or was in any particular way remarkable. Such remarkable 
fractures as I have seen in ' fatigued ' materials I will speak of pre- 
sently. 

I think we must then dismiss the idea that such repeated loads as 
occur in practice alter the structure of the material in any way. 

It must next be asked, Does repetition of load in some other way 
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weaken tbe material, so that any given part of a strnctare made 
of that material onght to be made larger in scantling if it has to 
stand repeated loads, than if it has to stand only a continaons load, 
nippoeing the margin of safety required be the same in both cases ? 
It has been taken for granted — ^very hastily I think — that the answer 
to this question is experimentally proved to be affirmative. 

Let ns look again at Fig. 1, Plate I. Sach a piece of steel as thai 
•^hofle behaviour is there shown would ordinarily work at from 9,000 
'O 12,000 lbs. per square inch of stress. Its breaking load is about 
^,000 lbs. per square inch ; that is, it would break at the first gradual 
application of that stress. It is commonly said in such a case to be 
forking with a * factor of safety ' of 7^ or 6. But independently alto- 
ether of repetitions of stress, wo know what will happen to such a bar 

by any chance a load equal to its limit of elasticity — say 40,000 lbs. 
Pr square inch — should be brought upon it only once. It would at 
ace and inevitably be drawn out from one to two per cent, of its 
ngth (at what we have called the breaking down point). The 
irticnlar bar diagrammed drew out about one-fifbh of an inch in 
) inches. In a bridge tie bar 10 feet long, this would mean having its 
figth increased by 2^ inches. 

I point out the magnitude of this extension just after the limit of 
isticity is passed specially, because sometrmes it has been thought 
at what happened at this point is nothing more than a slightly 
3reased rate of extension, still only measurable in thousands of an 
3h and still quite neglcctable for ordinary purposes. Instead of this 
cannot be too distinctly rotnombered that such an extension as occurs 
)t after the limit of elasticity is reached would involve the total 
Rt.rnction of the bridge, or such a distortion as is equivalent to 
ndering it entirely useless, even if it were not actually broken in 
jces. 

When wo say, if we do say^ that the working loads on such a bridge 
wo us with a * factor of safety ' of six or seven, we say it with the 
itinct knowledge that although it might take six or seven times the 
>rking stress actually to break in two a piece of the material, it would 
ly take three or four times that stress to render our whole strocture 
oless. We know beforehand, however, independently altogether of 
estions of repetition of load, that our maximum load must never, 
?n once^ exceed three or four times our working load (in the case 
pposed) or our whole structure gives way. 

Now turn to Fig. 3, Plate I., to see what Wohler's experiments tell us. 
is perhaps at first sight a little startling. Samples of cast steel are 
<en which have a tenacity, as ordinarily measured, of about 52 tons 
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per square inch ; they break with a stress of only 40 tons per sqoare 
inch after about 19,000 repetitions ; 35 tons per square inch afler about 
46,000 repetitions ; 30 tons per square inch after about 170,000 repeti- 
tions ; and even 25 tons per square inch after some 500,000 repetitions 
The result most obvious is certainly that a load very much lower 
than the ordinary breaking load will, after a number of repeiitioni 
which is not impossibly great, actually become a breaking load ; and 
this point is the one upon which, naturally enough, the greatest ttnH 
has been laid as the result of Wohler's experiments. But the next 
thing that is noticeable is certainly not less remarkable, y\%^ thift 
nearly 14,000,000 of repetitions of a stress of 24 tons per square inch 
occurred without the material showing any signs of injury. T wenty-foor 
tons per square inch is very close to 25 tons per square inch ; and tlioi 
a change so great as that from fracture after half a million repetitioDS 
to non-injury at 14,000,000, seems to take place almost Buddenly. 

The curve representing the number of repetitions of load which 
the piece can stand (as in Fig. 3, Plate I., and Fig. 1, Plate 11.) hastoall 
appearance — and all the experiments agree in this — an asymptote it 
a considerable distance from the axis. It does not go on giving finite 
values of the repetition continuously, while the load diminishes con- 
tinuously. It appears distinctly rather to show that there is alwayn 
some finite load below which no increase in the number of repetitions 
of load have any eff.-ct whatever in injuring the material. 

Very unfortunately the limit of elasticity of the different materiili 
tested by Wohlcr has not been stated in any published results, and I 
have not been able to find out by personal inquiries. From the 
results given, however, it is clear tliat the maximum load which oooM 
be applied an unlimited number of times was very close to the limit 
of elasticity — very close, that is, to the load which, applied onee oiUjIt 
renders the material useless. It is some load which in Fig. 1, Plate I., 
for instance, would lie very close to 40,000 lbs. per square inch. It iSi 
therefore, cither at the break down point, or possibly aa low as the 
point where the strain begins to increase more rapidly than the sUW* 
For all practical purposes (in the absence of further numericil 
details), we may no doubt take it as nearly equal to the ordinary static 
limit of elasticity. 

The matter then stands thus : ifa load exceeding some what the limit 
of elasticity of the material, however far below its breaking load, be 
applied a considerable but measurable number of times, the bar will be 
actually broken. But at the same time we know that if any load exeeei- 
ing the limit of elasticity he hut once applied, the structure to which t^ 
bar belongs is distmted and rendered uselesft. 
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It may then, I think, be said safety, that the continued repetition 
of Bnch a load 100,000 times, or 1,000 times, or ten times, is a 
ttiiiig which cannot be conceived to occur in actual work, and which, 
therefore, we need not as engineers take into account. In one word, 
bowing that our structures will break down if a load equal to the 
limit of elasticity* comes only once upon them, we need not trouble 
ourselves about the more decided breaking down which would occur 
if SQch loads came upon the structure 100,000 times. 

Further, it is to be very particularly noticed that we have absolutely 
Do evidence from these experiments, or any others, that the repetition 
'"^amy wnmher of tvniei — of such loads as are called ordinary working 
oftds, weakens the material in any way whatever, more than one 
ingle application of such loads does. 

It may be asked how the statement that one single application of a 
^^ud exceeding the limit of elasticity would destroy a tie bar at once, 
an be reconciled with the fact that, in Wohler's experiments, bars 
tood ever so many thousands of applications of much higher loads 
ofore they broke. The explanation is this : that in these experiments 
great proportion of alteration of length was not destructive, as it 
'ould be in a bridge, for example, and that this alteration of length 
I a tie (or form in a beam) did actually take place. For instance, in 
i^. 3, Plate I., if the original length of the bar, the length which stood 
), 600,000 applications of a stress of 24 tons per square inch without 
jury, were 10 inches, the length of the same bar, under 32 tons per 
pare inch, was probably 10*5 inches, and under 40 tons, 11 inches. 
bis condition of affairs is not analogous to anything occurring in 
igineering practice, where it is essential that no change of length, 
her than the very smallest, should ever occur. Wohler was, in point of 
cty working in these experiments with a new material — a material which 
hd been already strained beyond its limit of elasticity, and was now to 
measurable extent longer than before. Experiments show that with 
ch a bar retested from the beginning the modtdtis of elasticity 
mained practically unaltered, but the total possible extension is less 
asi before, just by the amount of extension which has already 
icwrred, 

Wohler's experiments show us what is worth noticing, mainly as a 
atter of Bcientjfic interest, that a bar will be ultimately broken by the 
equent enough repetition of any load higher than its limit of elas- 
(sitj. This fracture appears to be inevitable ; conditionally only on 

^ Or, in the ease of cast-iron, a load which bean the same relatioo to the breaking 
id thai the limit of elastieity does in most iron, there being no distinct marked 
nit of elasticity in the case of a material so hard as cast-iron. 
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the bar being put iuto equilibrium ; that is, the load entirely removed 
from it, after each application of the stress. 

If, however, those experiments have caused somewhat Beedloi 
anxiety, on the one band, I fear they have caused somewliat andie 
confidence on the other. The experiments on the effect of altering the 
ranfje of a stress, whose results are diagrammed in Figs. 1 and 2, Platell., 
are probably the most interesting and novel of all those made bf 
Wohler. I have already pointed out that many structures are alwtjs 
strained under conditions somewhat analogous to those of these ex- 
periments, viz., under the existence of a certain minimum of stm 
not eqnal to zero, caused by the continually acting weight of the 
Btrncturo itself. Under these circumstances Wohler showed that one 
of his test bars could stand an unlimited number of repetitions of a 
stress much higher than its limits of elasticity, and that this strea 
might be made higher and higher by making the minimum stress alio 
higher and decreasing the range of stress, until the maximum stress 
very nearly reached the breaking load. 

We may take a numerical example from Fig. 2, Plate TI. (iron axles). 
One application of 24 tons per square inch would break this iron; and 
if the bar was strained always from zero, its fracture with any stress 
exceeding 15 tons per square inch was only a matter of time aod 
number of repetitions. But an unlimited number of applications of 
22 tons per square inch would not break it, if only the minimum strss 
were never allowed to fall below 12 tons per square inch. Suppose, 
now, we have a bridge in which the ratio of dead and live load is 
12 to 10 ; then the ratio of minimum to maximum stress is 12 (o 
(12 + 10), or 22. If, for example, the stress in the booms when the 
bridge is unloaded is 3 tons per square inch, and when the strain is 
on the bridge 5^ tons per square inch, we should have just such i 
case. It has been argued that our ordinary working stress ma^ safelff 
hear the same ratio to 22 tons per square inch^ which if the minimu* 
stress vK*rp iV would hear /o 15 tons. Numerically thus : If a harmaj 
safely work between stresses of 3 and 5]^ tons per square inch, which 
is a rational assumption, we may multiply 22 by the ratio of 5*5 
divided by 15, which gives us 8, and then say that a bar may tf 
safely work between 4' 4 tons per square inch and 8 tons per square 
inch as between 3 and 5^ tons per square inch. I believe thia reaioii- 
ing has been actually acted upon in Bavaria under the legnlatioas 
which there corresponds to the regulations of our Bosurd of Trade. 

The fallacy here is, however, pretty obvious. The piece of iron 
which has a repeated load up to 22 tons per square innh was not the 
same material as that which we use every day, but was a piece which 
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kad been already stretcbed far beyond its elastic limit. I have already 

tqikined that oar iron b, for practical parpoees, destroyed tlie first 

Ihm it passes its elastic limit. Hence the condition of affairs is just 

ftii: so long as the limit of the load is kept below the limit of 

ahsticity, the material is, in a certain sense, safe. The 6rst time that 

hy any accident the maximum stress reaches the limit, the material is 

thttroyed, and this is qaite independent of what the minimum may 

Impb happened to bo ; therefore the degree of safety — other things 

Iniag equal — may be represented by the margin of stress between 

Um maximum working stress and the limit of elasticity, and 5 tons per 

•qoare inch is on this account just so much safer than 8 tons per 

square inch. If it is safe to work unlimitedly between 4^ and 8 tons 

per square inch, there is nothing whatever in any of the experiments 

to show that it is not eqaally safe to work between zero and 8 tons per 

■qoare inch, unless it can be shown that the larger range makes the 

occurrence of accidental stress more likely, which is, of course, quite 

possible, but not very probable, and certainly not proved. The matter 

is seen still more forcibly by supposing an extreme case. Instead of 

working between 4^ tons and 8 tons per square inch, one can work 

between 8 and 14 tons per square inch, which stand in the same 

miio. But here 1 ton per square inch additional would, the first 

time it was accidentally reached, break the whole thing down, and 

such an accidental excess may of course happen every week, or every 

daj. There is absolutely no safety in the margin between 14 and 22 

tons per square inch, unless we suppose the material to be endowed 

with some kind of prescience of its own. The material which stood 

■0 many repetitions of a range of stress from 12 to 22 tons per square 

inch was not in itself the same material at all which we use, but a 

material —such as we can prepare any day, but such as is of no value 

in practice — already stretched 10 or 12 per cent, of its original 

length. 

There remains still one more point in Wohler*s experiments to be 
examined. They show us ( Fig. 2, Plate II.) that a stress much less than 
the limit of elasticity, if, instead of alternating with a stress equal to 0, 
it alternated with a sufficiently large stress of opposite sign, the two 
together, giving a range as great as that from zero to the limit, might 
break a piece if repeated often enough. The piece of inm just dealt 
with, for example, would stand unlimited repetitions of stress, varying 
from 12 to 22 tons per square inch, from to 15, or from minus 8 to 
plus 8, but it could not stand, for example, unlimited repetitions vary- 
ing from 9 tons per square inch of compreflsion to 9 tons per square 
inch tension, although the latter stress taken by itself was much below 
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the limit. We are familiar with the lue of alternate stresses in fsoA ft 
very common act, for example, as breaking a stick across ; but in thatCMB 
each stress is itself beyond the limit of elasticity, something that migiit 
correspond to minas 17 to plus 17 in a piece of iron. That the bubs 
effect could bo obtained by alternate stresses, each one of wkidi 
was below the limit, was, I think, unsuspected until these experimeBti 
were carried out. I have described to you the machine in which thef 
were made (Fig. 2, Plate III.). You will remember that the resnltswem 
only indirectly obtained, and it is not equally possible to feel certiii 
that they are distinctly and fully applicable to a piston rod or ft 
connecting rod. At the same time it is wise for the present to tn»i 
them as if tlicy were. It is much to be hoped that we may get 
further experinjents on these points, conductcni in a more direct 
fiishiou. 

So far, it must bo said, our results are chiefly netjaihe; we most now, 
in concluflion, look at the positive side of the matter. Fractores of 
certain parts of machines, particularly of locomotives, exposed to frt- 
qiient repetitions of load, do often oc<?ur. It does not follow, of conrBe, 
that these fractures are actually caused by the repetitions, for the matter 
is complicattd by the fact that the mere effect of time may hftW 
sonictliing to do with it, and still more that the vibrations and shoc^ 
by which the loads are commonly accompanied may affect the matter 
more than tlie mere number of repetitions. In spite, however, of the 
negative results given by so many experiments, I am certainly dispoaed 
to think that the mere repetition is in itself a possible canso of fractare 
in certain cases. The conclusions at which I havo arrived are tlM«e 
(and I ought to say that while hitherto I have felt myself justified in 
speaking positively, because I was dealing with accurately observed 
and observable ])hy8ical phenomena, I can now give only an opinion) 
— that with wrought-iron re{)etitions of load are, or may be, frequently 
the cause of ultimate fracture. Wrought-iron is an unhomogeneoQS 
material — what Sir Wm. Sierueas has called a ' sandwich of iron and 
glass.' Continual straining does not appear to injure the good parts of 
the sandwich, but it does appear to destroy cohesion between the glatf 
or dirt and the iron. Now this makes comparatively little differencein 
a tensile test. A dozen bars of iron placed side by side, and palled 
equally, would have practically the same strength as one bar twelve tames 
the size of one of them, so that what I may call the transverse adhesion of 
the fibres or laminations practically does not much affect the strength ; 
but wherever bending comes into play, it may cause all the difference 
in the world. If three bars placed one on the top of the other, but not 
fastened together in any way, are bent, they will only stand one-third 
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load that a single bar of the same size as the three pat together 
stand. Now, a piece of iron badly laminated, in which the 
of iron have been separated by layers of dirt only found to 
to them, is mnch in the position of the three separated bars, 
might therefore expect that anything which woald tend to disturb 
transverse cohesion between layers of which ordinary wronght- 
oonsistfl, would very much diminish its strength as a beam, hot 
Aj at all as a tie rod. This is exactly the resalt which one finds in 
iioe. I do not remember hearing of an iron piston rod giving way in 
fiishion which connected itself with repetition of load, but a con- 
rod sometimes does, and a coupling rod frequently. The piston 
P^iodis not subjected to any stress but direct tension or compression. The 
lecting rod, as we huv« already seen, and still more the coupling rod, 
^--- Jl subjected to frequent bendings. My own belief is, that the gradual 
^^^faintogration of the dirt and oxidation of the iron takes place, as 
mob by vibration as by mere repetition, in all piled iron subjected to 
--iSinition and repetition of load, and that in consequence the intensity 
^' W abroBS in certain parts of the metal becomes gradually greater than 
^f l' ifti Uniit, and the metal cracks. 

This of course may be called a dott'rioration of the metal, but is 
h^. aot properly a deterioration of the metal itself. It was for this reason 
\ff^ that I qualified my former statements on this point and limited them 
■ 1- to the metal itself. Recently I had a very remarkable case in point 
pMB through my hands. I tested a number of pieces cut from links 
of the Conway Suspension Bridge erected by Telford, which had seen 
over 50 jearsof work, and which in that time must have been subjected 
to much vibration and very frequent repetitious of load, although, 
probably, with a very small range of stress. Whether the maximum 
of stress was high enough to be near the limit I have no moans of 
mjing, I found in the result that much of the iron showed, after 
fimctare, many cracks running in towards its centre. Many of these 
onusks extended inside into a little spot of a reddish-gold colour, un- 
mifltakably rust. The vibrations or repetitions of load, or time itself, 
or all three, had gradually opened up these cracks, whose existence 
was owing originally to the imperfect nature of the material, and in 
qnte of painting on the surface, damp had found its way through 
them and was gradually killing the heart of the iron.* 

In a locomotive side-rod both repetition and vibration are more 
severe and frequent than in the suspension bridge link, so that an iron 

• By carefal experiment also I find that the modulus of elasticity of this iron is 
•nctly what it might be expected tu be— that is, tho vibration and time do not seem 
to have affected the modulus id anj way. 
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coupling rod may give waj, if it is to give waj at all, long before ii 
has time to rust intemallj. Whether or not it does give waj, no 
doubt, remains mainly dependent on the quality of the welding between 
the different layers, a quality necessarily somewhat uncertain. 

In the case of steel I have been unable to hear of any soch fractnm 
as those I have mentioned. If they occur at all, they certaiolj oocv 
very seldom. The reason is doubtless that the material is homogeoeoM^ 
and cannot give way locally like iron, and consequently is never nK 
jected to the same excessive local stresses, and remains uninjare^ Iff 
repetition, while there are no cracks in it caused by continual vibniios. 
A very good example of this yon saw in a piece cut from adredger-]n. 
The pin had been subjected to such heavy stresses and such contiBMl 
blows as absolutely to be worn into a crank shape, and yet yoottv 
that the steel showed no deterioration, and the pins themselves bo 
signs of cracking or opening out. The dredger links on the other hftsd, 
in the end of which the pins worked, in spite of being made of veij 
high-class iron, and of not having had anything like the battering tiaft 
the pins had been eubjected to, were all opened out and one of Umi 
was even badly cracked across. It would have been impossibfe for 
a piece of iron, however good, to have stood anything like the ongo 
of the dredger pins without opening out and probably breaking op 
altogether. 

One more point only. I have confined myself to iron and sted fo 
the good and sufficient reason that we have little practical know- 
ledge of the corresponding effects in relation to wood and stone, n 
n spect of which certainly they are less important. In wood, however, 
there is one distinctly marked difference from iron, which is importMi 
in connection with all timber structures intended to have a long lifisi 
The mere effect of time, quite independent of vibration or repetitioi, 
is considerable. Mere continuance of load does not appear to injoie 
wrought-iron at all, or cast-iron, unless it amounts to very nearly the 
breaking load. On the other hand, a load equal to only 60 percent 
of the breaking load will break timber (according to Thurston) in 15 
months; so that, apparently, time has very much the same effect on 
timber that unliniited repetition has upon iron ; but it will bo seen thai 
GO per cent, of the breaking load only corresponds to the limit in 
wrought-iron, a point above which the load would never actually be 
allowed. 
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[iANATORY MEMORANDUM AS TO TABLE OF TEST 
OF FATIGUED MATERIAL. 

pponded to this paper is a Table giving the results of tests of 47 
i of material, iron and steel, which had either been in constant 
•or many years, until they were so much worn as to require 
ral, or which had broken in actual use. Particulars as to these 
9 are given, in each case where it has been possible to do so, in 
Eible, as well as remarks as to the fractures, &c. To these there iu 
to add. The piece out of the Conway Bridge suspension link is 
^iog, as being a piece of one of the earliest erected large iron 
es in England. Special measurements were made of the 
Ins of elasticity of this iron, to see if long use had altered it in 
ray. The modulus was, however, found to be 30,060,000 pounds 
<|uare inch, which is quite a common value. In the various 
ing loads plenty of variation will be found, irregularities which 
bave greatly affected the strength or the wear of the material, 
1 no one case does there appear to be anything which distinctly 
3 to a weakening effect due to actual fatigue, the consequence of 
ition of load. The steel pins (Nos. 2,084, Ac) were so worn and 
lered, by working in sandy water, as to have actually the form of 
.ture crank axles, so that, although originally about two inches in 
ster, test-pieces larger than the sizes given could not be cut from 

or the pieces of iron and steel here tested the writer is indebted 
3 courtesy of Mr. Joseph Tomlinson, Mr. Worsdell, Mr. F. W. 
>, Mr. W. B. Worthington, Mr. Beloe, and Messrs. Hunter & 
sh. 
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PAPER V. 



RECENT ARMOUR-PLATE EXPERIMENTS. 



By Major-General T. Inglis, C.B. 



Some seventeen Papers on armour-plate sabjocts already lie scattered 
through the Corps Volumes, commencing with that for the year 
1862, hot the time has now come when this almost annual supply of 
information must cease, at least so far as the present authorship is 
concerned. The following Paper gathers up what has been done in 
the course of last year, and so the record of armour-plate experiments, 
extending over a period of more than a quarter of a century, is now 
brought to a close with the end of the year 1884. 

Tbul op Armoured Masonrt at Suoeburtness in 1884. 

In my remarks, under a similar heading to the above, in Paper XL 
of last year's volume, I observed that, because it was anticipated that 
the trials which were then in progress, with the object of determining 
the best method of strengthening the masonry parts of existing sea 
forts, would ultimately be printed in extenso elsewhere, I would then 
only notice two results which had been obtained in connection with 
them, and which bore more closely upon the subject of armour-plate 
resistance. For similar reasons I now select, from this year's con- 
tinuation of the same trials, certain results which belong particularly 
to the subject of the present Paper, and which may well be considered 
here without interfering with a full discussion afterwards of the 
general results oi the completed trials of strengthened masonry. 

The first case to be noticed is that of round called 2,394, which was 
fired at the sandwich target of two 8-in. wrought-iron plates, with 
5 inches of elm between them, bolted together and to a masonry wall 
'With 5 inches of elm between the armour and the stonework, as 
deMsribed in last year's Paper at page 160. 
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This target romainod in the state in which it had been left after 
roand 2,384, except that some timber had been fitted into the hole 
made through the armour by that round, and the continuation of t}iit 
shot hole in the masonry had been run full of Portland cement, 
concrete and grouting. 

It will be seen that last year's round (2,384) at this target wis 
from the IG-in. M.L. gun of 80 tons, with a Service Palliser projectile 
weighted with sand to 1,700 lbs. which struck with a velocitj 
of 1,568 f.s. and an energy of 29,000 foot tons. This projectik 
pierced the armour, aud penetrating the masonry to a depth of 8 feet 
(3 ft. 6 in. of granite, and 4 ft. 6 in. of Boach Portland stone) wai 
found embedded there, and broken into fair-sized pieces. The brick, 
work forming the back of the wall (total thickness 22 feet) was veiy 
slightly bulged and cracked. 

The present round (2,394) was fired from the 12 in. B.L. gonof 
43 tons with a Service Palliser projectile weighted with sand to 
714 lbs. which struck the target with a yelocity of 1852 f.8. and 
an energy of 17,000 foot tons. This projectile pierced the armoar, 
and then, inclining a little to the left, and slightly downwards, it 
penetrated the masonry to a depth of 5 ft. 8 in. (3 ft. 6 in. of granite, 
and 2 ft. 2 in. of Boach Portland Stone), and was found there broken. 
The injury to the armour was of so local a character that no oonnM- 
tion whatever was formed between the two shot holes, although thej 
were only 4 ft. 8 in. apart, measuring from centre to centre of boles. 
The old cracks in the masonry were opened a little more, but very few 
new cracks were formed, and the general structure was not much 
shaken or displaced by this round. The back of the wall was even 
less injured than it was by round 2,384. 

To compare the effects of these two rounds at this target it maj 
be assumed that the projectile in 2,384 would have perforated an 
unbacked solid wrought-iron plate 24 inches thick, and that in 2,394 one 
22 inches thick, while the actual penetration of the former exceeded that 
of the latter by only about two feet of boring in Boach Portland Stone, 
though perhaps the heavier blow of 2,384 had more effect generally 
upon the structure than 2,394 had. The apparent anomaly of two 
shot, with such widely different energies, penetrating a work of this 
kind to so nearly the same extent, is clearly to be reoonciied by the 
difference of their diameters affecting their relative powers of pene- 
tration. The result of round 2,394 confirms the fiavonrable opinion 
expressed in last year's Paper as to the efficiency of the way of armoar 
plating masonry walls tried in this target. 

The next case to be noticed is that of a mass of Portiand oement 
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ooncrete faced with wroaght iron 3 inches thick composed of three 
l*ixi. plates riveted together, the iron £EU!e being held to the concrete 
hy long 2-in. w.i. bolts nsed in the proportion of one bolt to every 
13 superficial feet of front. 

This target was strnck twice by projectiles from the 16- in. M.L. gnn 
of 80 tons (ronnds 2,403 and 2,405), one being a Palliser shell and the 
other a common, and both being weighted with sand to 1,700 lbs. 

It most be mentioned at once that the concrete of this target had 
not had time to set and on the days of trial it was damp and soft 
thronghont. 

The principal points to be noticed in this experiment are these : 

That the 3 inches of wrought iron seemed to offer mach the same 
unoant of resistance to penetration as did the facing of granite 
I feet 6 inches thick, which on the former occasion of this target being 
ried, (round 2,386) formed its front. 

Next, that the behaviour of the 3-in. wrought-iron facing was 
rerj satisfactory, the effect upon it being confined to a clean hole 
(at through it by each projectile, and only a very slight bulge formed 
»atwards over a circular surface of some four or five feet radius round 
he shot mark. 

Also that 3 inches of wrought iron backed by a mass of com- 
paratively sofb concrete is sufficient to break up common shell from 
he 80-ton gun striking it direct with a velocity of 1,570 f.s. This 
atter point is established by the fsmt of the common shell, round 2,405, 
laving made an oblong hole through the iron front, the hole being 
aade up of two half circles of 16 inches diameter separated from each 
»ther by a distance of about 4 inches, which intermediate space was of 
onrse also cut away. 

Tbial of 18-iK. Compound Plates at Shobbubynesb, 1883-4. 

In continuation of the notice under this heading in Volume IX. 
?Wiipar XL page 156, some additional practice can now be reported. 

As explained last year the principal object of these experiments 
ras to solve a problem of the greatest possible importance to both the 
and and sea services, namely, that of procuring a more snitable and 
'ifective projectile, than any yet manufactured, for the attack of hard 
.rmoor, such as compound, or steel, plates and masses of chilled cast 
ron. 

In discussing this question in last year's Paper and on other occa- 
ions, it has been shown that hard steel projectiles had not maintained 
n Q80 against these hard substances that immense superiority over 
iast iron and other kinds of projectiles which thej had indisputably 
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established in the days of soft wroa^^ht-iron armour, and it was thongbt 
that in coDseqaence of this there woald be a tendency to revert to solid 
cast-iron projectiles of the Palliser type for the attack of all hard 
armour. This at any rate was the state of things in this country 
which had to be reported up to the end of last year, and it cannot be 
said to be a satisfactory one. 

On the Continent great activity is being, shown in this importaoi 
matter, and steel shot made at Krupp's works, with a percentage of 
carbon as high as 0*8, have been said to have given excellent resnlts. 
In Franco it is said that st-eel projectiles have been made to perforate, 
without breaking up, steel armour plates 15f-in. thick made at Crensot, 
and also that 14.in. steel projectiles from the French 73-ton B.L. gun 
have pierced 19-in. armour plates without material alteration to their 
form. Both the Russian and French Governments are said to be 
ordering large quantities of steel battering projectiles. 

On the other hand, it will be seen that the latest trials in tbis 
country have not contributed much towards a successful solntion of 
this difficulty, and especially it is to be regretted that the farther 
experience in oblique fire, which was looked forward to last year, 
seems still as far off as ever. 

The following are the chief particulars of the rounds fired in 1884:— 

In round 2,888 the 16-in. M.L. 80-ton gun was used with a service 
Palliser shell weighted to 1,700 lbs. Its striking velocity was 1,582 fS) 
giving an energy on impact of about 29,500 foot tons. The target was 
precisely similar to those used in the former part of this serien, afl 
described last year, and consisted of a 5 fb. by 5 ft., 18-in. componiid 
plate, 6 inches of steel (0*7 carbon) and 12 inches of wrought irom 
made by Messrs. Brown and Co. of Sheffield, and confined in a strong 
frame embracing all four edges. The plate was backed by a mass of 
timber nine feet thick resting in rear against a massive iron stmcture. 
This plate proired to be a bad one through some fault in mauufiacture 
by which the steel became very imperfectly welded to the wrought- 
iron back, and the poured steel forming the heart of the plate was 
moreover very much honey -combed. Notwithstanding these grave 
defects the shell, which was a good specimen of its kind, did not 
penetrate deeper than about 8 inches into the plate, thoagh it com- 
pletely wrecked it. The plate was broken into seven main pieoea and 
nearly the whole of the steel was separated from the wrought iron. 
No part of the shell however passed into the backing of the target. 

In round 2,392 the same gun was used with a steel shell against 
a precisely similar target, in order to institute a oomparison between 
chilled cast iron and steel projectiles for the attack of hard faced 
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irmoar. The ahell was one of a supply of forged crucible steel 
irojectilea made in 1881-2forH.M.S. Inflexible. It weighed 1,669 lbs., 
nd struck the plate with a velocity of 1,595 f.s., giving an energy on 
npact of about 29,430 foot tons, or nearly the same as that in round 
,388. 

This plate proved to be a better one than the last, but still the 
'elding of the steel to the wrought iron was very indifferent over the 
reaier part of it. Like the last plate this was broken into seven 
lain pieces by the shot which was itself excessively disfigured and 
attened about the head and broken in the body. The depth of 
anetration in this case actually measured no more than 5 inches, and, 
1 before, though the plate was so much broken up no part of the 
rojectile passed into the backing of the target 

One effect was produced in this round which, though not unusual 
nder certain circumstfinces, is curious and interesting. This 
onsisted in the shot having punched out a circular disc of the steel 
ice of the plate about 6 inches in diameter and 2^ inches thick. The 
teel of the disc appeared to belong to the very front part of the plate, 
rhich in armour of this particular make is slightly harder than the 
est of the steel. As this phenomenon has been observed only on 
ccasions when thick steel- faced plates of very hard material have 
»een attacked, the explanation of it seems to be this — that the best 
projectiles hitherto used, being unable to retain their form of head on 
■ommg in contact with the steel of the plates, become either flattened 
»r broken in their heads, so that instead of the armour being indented 
.a by a sharp-pointed tool, it is subjected to intense pressure over a 
ircular area of greater or less diameter, as it were by a fiat-headed 
mnch, and the steel so pressed being backed by other steel and 
rrought-iron, which are more or less compressible, a circular piece 
»f the face becomes detached from the adjacent parts, which are not 
nbjected to like pressure, and the separate disc is the result. It 
aay be mentioned that this particular effect is more often observed 
vhen forged steel projectiles are used against compound armour than 
vith hard cast-steel or cast-iron projectiles. It need scarcely be said 
hat the whole exterior of one of these discs is invariably found to be 
lighly blued and very hot. The back of the disc in the present case 
vtL8 qoite smooth and highly polished, as was also that spot in the 
.rmour from which it had been separated. 

In round 2,39G, the 12-in.B.L. gun of 43 tons was used against 
. target precisely similar to those against which the last two 
ounds were fired. The object of this round was to test a forged 
teel shell which had been made in the Royal Gun Factories for com- 
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petition with the other steel projectiles which had been tested Tlui 
shell weighed 728 lbs., and struck the 18-in. compound plate formiig 
the target with a velocity of 1,893 f.s., giving an energj on impact of 
18,090 foot tons. It will be seen that this was a conaideTablj hetm 
blow than those given by the same gun in the former rounds of tbii 
series (Nos. 2,363, 2,371, and 2,381) reported in Paper XI., YoL IX. 

The plate was broken by tiie blow into six principal pieces, tad 
part of the steel face was flaked off from the wrongbt-iron back. Tlie 
shell formed an indent 8 or 9 inches deep, bat was itself brokaa 
into a very great number of pieces. Of its head a small piece of the 
point retained its form, and showed a high degree of tempering. Tlie 
bulge formed on the back of the plate was 3*2 inches high. On the 
whole, it was thought that the performance of this shell compared 
favourably with that of Messrs. Cammeli's forged steel shell in 
round 2,371, but that it did not show sufficient superiority over the 
Service Palliser projectiles to justify the adoption of the much more 
costly and difficult process of manufacture which it would involve. 

Bound 2,399 was for the trial of a special shot which had been 
made in the Royal Laboratory Department, and was composed of 78 
per cent, of scrap steel, mixed with 18 per cent, of pig iron of three 
different kinds and with other ingi'edicnts. The steel of the shell 
contained about I'G per cent, of carbon. It was cast from cmcibleB. 

Unfortunately this shell was made for a gun of new calibre 
(ll-in. B.L.), which circumstance somewhat hinders the comparison 
of its performance with that of other steel shell. The gun was the 
same as the service 43.ton gun except as to calibre. The shell weighed 
583 lbs., and struck the 18-in. compound plate, which was set up as 
before, with a velocity of 2,176 f.s., representing an energy on impact 
of 19,146 foot tons. This, therefore, was a heavier blow by upwarde 
of 1,000 foot tons than that of the last round. 

The plate was broken into four principal pieces, and otherwise 
cracked. The shell penetrated to a depth of about 8 or 9 inches, and 
broke up into innumerable pieces, the head being entirely destroyed. 
600 fragments of this shell were recovered, which weighed 318 lbs. 

The bulge formed on the back of the plate was 4>^ inches high. 
The steel separated from the wrought iron of the plate over about 
one-third of its entire area. 

So far as comparison could be instituted this shell was not thought 
to have proved superior to a Service Palliser shell for the attack of 
hard armour, though it must be borne in mind that we have had no 
actual experience with shell of that kind against steel*(iioed armour at 
the very high velocity attained in the present round. 



In the Bummer of 1884, an ll^-in. cotnponnd plate (one- third steel, 
two-thirds wronght iron) made by Messrs. Cammell & Co., of Sheffield, 
mm tried in this country, and as this was another instance of steel of a 
Vgk degree of hardness (0*8 per cent, carbon) being used in the face 
of a plate, and of a steel projectile being employed, a few particulars 
of the trial will be given. The plate measured 8 feet by G feet 
8 inches, and weighed about 11 tons. It was slightly curved on the 
&oe, aa it represented a ship's turret plate, and was bolted by eight 
3^.in. bolts to a thick butt of oak. 

The gun used was the 10-in. B. M. L. gun of 18 tons, throwing a 

■olid steel shot of 400 lbs., made by Messrs. Armstrong, Mitchell & 

Oa, with a special charge giving a velocity on impact of about 1,450 

to 1,500 f.s. An analysis of a piece of the shot gave the following 

result : — 

Carbon . . . . 0'618 per cent. 

Silicon .... 1'074 „ 

Manganese .... 0*642 „ 

This blow made an indent in the face of the plate some 13 inches 
deep with six radial cracks extending a good way across the plate, but 
only in one case reaching its edge. The shot broke up, leaving its 
head and a good part of the body sticking in the plate. On the back 
of the plate a bulge was formed 5^ inches high, with two cracks across 
it, and one circular crack at the base of the bulge. This was a good 
deal more penetration than would have been effected by a Ser\'ice 
Palliser shell, and was more than was expected from a steel pro- 
jectile. 

In the autumn of 1884 a somewhat instructive trial took place at 
Shoeburyness, in which the effect of a compound (cast-iron and steel) 
shot was compared with that of a Service Palliser shell against com- 
pound armour. 

The target at which these two projectiles were fired consisted of a 
plate, 5 feet by 5 feet, and 12 inches thick (4 inches of steel, 8 inches 
of wrought iron) backed by fir timber and supported by a butt of 
shingle and earth. The plate was held to the timber by four 3-in. w.i. 
armour bolts screwed into its back. 

The gun was a 9*2-in. B.L. steel gun. 

The first round (2,407) was fired with a compound shot, consisting 
of a chilled-iron head and cast-steel body, weighing 394 lbs. It was 
fired with a velocity which gave at the target 1,811 f.s. and an energy 
of 8,960 foot tons. This blow is equal to the penetration of 18 inches 
of wrought-iron armour. The point of the shot penetrated to a depth 
of 7^ inches, its head remained sticking in the plate, and the body 
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in two main pieces rebounded 5 yards. There were small cracks on 
the face of the plate, both radially and circamferentially, and one 
large one. In rear a balge was formed 5 inches high, with cracb 
on the balge, and the wrought iron of the back was not thorougfalj 
welded. The quality of the shot was very good ; the steel of the btie 
excellent. 71 pieces of the shot weighed 242 lbs. 

In the other round (2,415) at this plate, a Service Palliser shell 
was fired from the same gun. It weighed 380 lbs., and struck the 
plate with a velocity of 1,845 f.s. and an energy of 8,969 foot tons. 
It struck within 20 inches of the last shot, and broke up small, bat 
penetrated to a depth of 8 inches, though part of this was no doabt 
due to the proximity of the other shot hole. In rear a bulge was 
raised, 7^ inches high and joining on to that of the last round. One 
armour bolt was broken. 150 pieces of the shell weighed 127 lbs. 

On the whole the performance of the compound steel and iron shot 
was better than that of the Palliser Service shell, though not to aoj 
very marked extent. 

About the same time a blunt-headed chilled cast-iron shot wss 
compared (rounds 2,411 and 2,412) with a Service Palliser shell, mark 
II, by being fired from a 6-in. B.L. gun at an 11-in. compoQn<i 
armour plate. Both projectiles weighed 100 lbs., and they struck with 
energies of 2,243 and 2,298 foot tons respectively. The result of the 
trial confirmed previous experience by showing once more that the 
blunt form of head is entirely unsuitable to Palliser material, and will 
in no case compare favourably with the pointed form of head for 
chilled iron projectiles. 

One other trial was made in the autumn of 1884, which may be 
briefly mentioned here. 

Two compound plates, made by Messrs. Cammell, each 6 feet by 
G feet and 12 inches thick (4 inches steel and 8 inches wrought-iron) 
and one ordinary wrought-iron armour plate, 7 feet by 4 feet G inches 
and 15^ inches thick, were set up, one after the other, in front of the 
sandwich target (two 8-in. plates with 5 inches of wood between them) 
which formed part of the structure of armoured masonry against 
which round 2,394 was fired as described in the early part of this 
Paper. The plates were merely blocked out from the target, not bolted 
to it, and were not held in any frames. 

The 9*2-in. B.L. steel gun was used, throwing Cammell's com- 
pound shot (chilled iron heads, steel bodies). 

Bound 2,40G was fired with a 378 lbs. shot, which struck one of the 
compound plates with a velocity of 1,64G f.s. and an energy of 7,100 foot 
tons. This would have perforated an unbacked IG 2-in. wrought-iron 
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ate. As it waa it hit too near the edge* of the plate to give a very 
tisfactory result, but it only raised a bulge 4 inches high at the 
ck of the plate. The head of the shot remained in the plate, and 
e body broke in large-sized pieces. 

Bound 2,413 was fired with a shot of 387 lbs., at the other com- 
und plate, and struck it fair with a velocity of 1,608 f.s. and an 
ergy of 6,938 foot tons. The shot broke up, leaving its head in the 
ite, and the body, especially about the shoulder, broke into a good 
my pieces, but the material of it was very g^d. It raised a bulge 

the back of the plate only l^.inch h^'gh. 

Bound 2,414 was fired at the wrought-iron plate, with a shot of 
lbs., which struck with a velocity of 1,488 f.s. and an energy of 
>41 foot tons. This shot by calculation would have perforated an 
backed wrought-iron plate 14 i inches thick, but it indented this one 
a depth of 14 inches only, forming a bulge on the back 3^ inches 
rh, with a star crack across the bulge. 

The trial shows that these compound shot may be expected to 
nain entire, though somewhat set up, on striking wronght-iron 
nour at a velocity of about 1,500 f.s., but not on striking steel-faced 
nour at about 1,650 f.s. Also it affords a useful comparison of the 
listance of two kinds of armour to the penetration of shot, and shows 
nt at any rate until the present projectiles are very much improved 
on, a 12.in. compound plate may be trusted to give considerably 
bter resistance to a single shot than a wrought-iron plate 15^ inches 
ick ; thus showing that a good margin of safety is allowed by the 
proximate rule given in Paper XII., Vol. IV., 1880, that * f or a 
igle blow a good compound plate will stop a shot which would 
rforate an ordinary iron armour plate of from one-eighth to one- 
irth greater thickness.' 

ECiAL Trial of Heavy Compound Armour, at Shoeburyness, 1884. 

This trial originated with Messrs. Gammell & Co., of Sheffield, 
10 made a large compound plate at their own expense, with a view 
getting it tested before proceeding further with large contracts for 
is kind of armour. 

Bound 2,397. The plate was one of grand dimensions, measuring 
length, as sent to Shoebury, 10 feet 8 inches, in width 9 feet, and in 
ickness 18| or 19 inches. It weighed, therefore, some 33 tons as 
} up for trial, and not less than 49 tons as it originally came from 
3 rolls. 

It was made by the process known as Wilson's Patent, and con- 
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sisted of 6^ inches of steol (carbon 0*724 per cent.), aud 12§ iuches 
of wrought iron. 

For the trial the plate was held by sixteen 4-in. steel bolts, 2 feet 
long, screwed to a depth of 4^ iuches into its back, and nntted insidi; 
the front wall of a supporting structure, which represented verj nearlj 
a section of a ship's side, of the Gamperdown class, at the water line. 
Tliis section was composed entirely of steel, and consisted of sicin and 
frames, which were heavier than usual, though in consequence of certain 
defects of construction they did not give adequate or satisfactory snpport 
to the armour. The immediate backing to the armour plate consisted 
of 11^ iuches of teak wood and horizontal steel stringers attached to 
the skin of the ship by means of angles at intervals of 12 inches. Ibe 
framework of the supporting structure rested at a distance of 
7 feet 6 inches in rear against a massive target consisting of a 4-ft. will 
of timber in front of a large wrought-iron case, measuring 15 feet bj 
15 feet, by 10 feet deep, filled with Portland cement concrete, and 
weighing complete upwards of 130 tons. The front of the case wis 
made of very strong cellular construction. 

The gun used for the test of this target was the 16-in. M.LguQ 
of 80 tons, at a distance of 120 yards. 

The programme really included one round from this, aimed at thf 
centre of the armour plate, and four rouods from an 11 -in. B.L gon 
of 43 tons, with various charges, aimed at points nearer to its comers, 
but, as will be seeu, tlie state of the plate after the first round did not 
admit of this programme being carried out. 

The projectile used in the first round (2,397) was a Service Pallisff 
shell, weighing 1,700 lbs., fired with 450 Prism 1 powder, which gave 
a velocity on impact of 1,590 f.s. and an energy of 29,800 foot tons. 

The main efiect of the blow was to break the plate into five separate 
pieces by clean cracks radiating from the shot mark, and as eleven 
out of the sixteen bolts by which the plate was held on to the Bhips 
side were broken, mostly through the first thread of the part wbich 
was screwed into the armour, one large piece, constituting nearlr > 
quarter of the plate, fell to the ground, another large piece was just 
ready to fall ofi*, and the other pieces were very insecurely held. 

In addition to the main radial cracks, there were some circnlar 
cracks formed round the shot mark. 

The actual penetration of the point of the shell did not meiBQi* 
more than about four inches in depth, and no part of the shell got ia^ 
the backing. The shell broke up into small pieces, a portion of ^ 
being reduced to mere powder. The manufacture of the pkte wtf 
exceptionally good as regards the welding of the steel to the wro^^^ 
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roQ ; the steel was close and fine, and free from much honey-combing, 
nd the wroaght-iron f ractnres showed fine crystals. The lace of the 
»late had the appearance of great hardness. 

A conical disc of steel belonging to the very front part of the plate 
ras pnnched out. It was somewhat similar to those noticed above, 
nder roand 2,393, but in this case the disc was G| inches thick, and 
rem 5 to 8J inches in diameter. 

The extreme point of the shell remained embedded in the disc to a 
epth of 2*4 inches. 

As regards the bolting of this target, it will be seen on reference to 
'aper XI., Vol. IX., page 155, that after the trials of steel and com- 
oand armour in Italy and Russia in 1882-3, there was a disposition 
mongst the manufacturers to increase the number of bolts for holding 
lese kinds of plate, and it is presumed that it was this that led to so 
ivge proportion as one 4-in. bolt to every area of six superficial feet 
f plate being used in this target. 

In any case, however, it cannot be said that the result was a 
smarkable success, and the observations at the head of page 156 of 
he Paper above quoted seem to be borne out by the result of the present 
rial. 

With bolts of better construction, as, for instance, on the plan 
lentioned in Paper XII., Vol. IV., of this series, page 178, greater 
fficienoy might have been gained in the present target, even if much 
3wer bolts had been used, or say in the proportion of one bolt to ten 
uperficial feet of plate. 

The structure of the ship's side gave very unsatisfactory results, 
nd its &ilure, as already intimated, was the chief cause of the com- 
ilete collapse of the armour plate at the first round fired at it. 

One of the most instructive lessons in the matter of compound 
rmour that could possible be learnt is to be acquired by a study of 
his round in comparison with the result of round 2,385 as given in 
*aper XL, Vol. IX., page 161. 

In these two trials we have a 12-in. compound plate presenting 
9 square feet of face, and a 19-in. compound plate presenting 
6 square feet of face. Both were made in the same factory by 
xactly the same patented process, the only difference as to quality 
f material being that the steel in the larger and thicker plate 
ontained some 0*15 per cent, more carbon than that used in the 
ther, rendering the former steel rathei harder than the other. Carbon 
a steel of 12-in. plate, 057 per cent. ; of 19-in. plate, 0*72 per 
ent. But there was a vast difference between the two ways in which 
he plates were set up. 
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The large thick plate had a comparatively yielding, weak, and 
faulty stracturo behind it ; the smaller and thinner plate was secnied 
to a massive, unyielding masonry wall, with a thin layer of five inclies 
of wood between the plate and the masonry. 

It is fair to mention again that the 12- in. plate was confined in t 
strong wronght-iron frame surrounding it on all sides, after the 
manner of a picture frame, while the l9-in. plate had no such latetil 
support ; but, on the other hand, it is only right to explain that ft 
frame of this kind has never yet of itself prevented a compound plate 
from splitting to pieces under a heavy blow if disposed to do so, and 
also that, so far as past observation goes, such a frame does not affect 
to any appreciable extent the depth to which a projectile will penetrate 
a plate. 

The remarkable difference in the behaviour of the two plates under 
very nearly equal blows from precisely similar projectiles must, there- 
fore, be accounted for by other causes, and this can only be traced to 
the difference between the backing and supports of the two targets. 
While the thinner and smaller plate was only so far penetrated that the 
shell remained sticking in it, with its point protruding some 13 inches 
to the rear, the plate remaining entire, with slight cracks only on its 
face and none at all on its back outside the area of the bulge formed 
round the head of the shell ; in the case of the thicker and larger plate, 
while the depth of penetration was altogether insignificant, the plate 
was completely demolished by the one round. Also while the smaller 
plate was efficiently held by four 3-in. w.i. bolts (1 to 12J square feet), 
not one being injured, the larger plate was most insufficiently held by 
sixteen 4f.in. steel bolts (1 to G square feet), nearly three quarters of 
them being broken ofif short. 

It would undoubtedly have been more satisfactory if, before 
drawing final conclusions upon every particular of these two rounds, 
the trials could have been repeated with plates made of steel of pre- 
cisely the same degree of hardness ; but still, without this, it is not 
thought too much to say that, in cases where restriction as to weight 
is non-important, as it almost invariably is in land defences, the 
arrangement of backing and support applied to the 12- in. plate is one 
eminently suited to compound armour ; and it is strongly urged that, 
if ever it should be determined to plate masonry with compound 
armour in this country, the arrangement which offered such splendid 
resistance in round 2,384 should be followed as closely as possible, 
even to the detail of having a little wood, or other crushable material, 
interposed between the armour and the stonework. Moreover, the 
quality of the 12-in. plate should be imitated exactly wherever com- 
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pound armour may be required for the strengtheniDg of masonry. 
AUhongh it is not mj business here to advise as to the method of 
applying ships' armour, I cannot he]p thinking that naval architects 
wonld do well to study the arrangements of backing and support 
which we gave to this 12-in. plate before designing another armour-clad 
Bbip. Also, it is not unfair to conclude, after these trials, that the 
subject of fastening armour of all kinds to masonry has now been 
thorooghly mastered. 

No. 2,398. This 19-in. compound plate having, as above explained, 
been thus almost demolished by round 2,397, the rest of the original 
programme had to be abandoned ; but before removing the guns one 
romid was fired from the ll-in. B.L. gun of 43 tons at the proper 
right-hand lower piece of the five main pieces into which the plate 
had been split. This piece was held by only two bolts, and the 
support in rear of it had been more or less injured and weakened by 
ronnd 2,397. There is, therefore, not very much to be learned from 
this trial, but it may be as well briefly to notice it here, if only for the 
Bttke of recording the depth of indent obtained. 

The projectile used was a forged steel shell, specially made by 

Messrs. Cammell & Co. It weighed 578 lbs., and struck the piece of 

plate with a velocity of 1,891 f.s. and an energy of 14,330 foot tons. 

The shell broke up, a portion of it being in fairly large pieces, but 

the head was set up and flattened out excessively. The piece of plate 

•track was itself again broken into five principal pieces, and part 

of its steel face became detached from the wrought-iron back. A 

conical piece of the steel face was again punched out by the head of 

the shell. This time the disc was about 8 or 9 inches in diameter, 

and 8^ inches thick, and the extreme point of the shell was embedded 

in it to the depth of 2^ inches. The total penetration of the point of the 

shell was taken at 4^ inches, but it was impossible to determine this 

with any exactness. 

Both the bolts holding this piece of armour were broken, and the 
supporting structure received considerable injury in this round. 

All that can be considered as gained by the round is a confirmation 
of the opinion formed after the previous trial as to the extreme hard- 
ness of the steel used in the face of this plate, and of the satisfactory 
welding of its steel face to the wrought-iron forming its back. 

It is understood that, instead of repeating these trials against 
another target set up on the principles of this one, a better distribution 
of the material will be made, whereby some of the weight of armour in 
this target will be thrown, as it were, into backing and support, thereby 
diminishing the thickness of the armour, and gaining increase of 
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stiffness in the backing and supporting stmctnre. Probably fronl 
armoar 16 inches thick, and even only 14 inches and 12 inches, wiDbe 
substituted for the 19-in. plate. It is expected that a trial of tUi 
improved arrangement will shortly come off at Shoeburyness. 

A resort to this principle in armour-clad shipbuilding has long ben 
advocated in the iron fortification branch, and judging from what bas 
now been witnessed at Shoeburvness there can be little doubt u to 
the correctness of the views which g^ve support to this principle. 

Inclined Armour. 

The question of defence by means of inclined armour has now 
assumed a place of so much importance from the uses to which ii ifl 
likely to be applied in cupolas and other parts of land works, and firom 
the great use to which it is being turned in strengthened decks for both 
armour-clad ships and nnarmoured cruizers, that, before dealing withtbe 
subject of some recent trials of inclined targets, it may be well to reooQiit 
briefly our previous experience in the same field of experiment. 

On reference to Vol. XIX. of Corps Papers, 1871, page 109, it will 
be seen that a deck, consisting of wrought-irou beams 10 inches deepi 
spaced 2 feet apart, and covered with two thicknesses of f-i^ 
w rough t-iron plate, and 4^ deal planks on the top of all, can be eadj 
pierced by a 18- in. sea service mortar shell (spherical), filled wiib 
sand, and fired with 20 lbs. of L.G. powder at an elevation of 45^•B^ 
a range of about 4,200 yards ; bat that a similar shell fired with » 
charge to give, at the same angle, a range of 2,800 yards, will not go 
through such a deck, though it will pierce a similar deck plated witb 
only one inch of w rough t-iron. 

Also it was proved at the same time that a Service Palliser sbA 
fired blind 6rom the 9-in. B.M.L. gun of 12 tons, with 43 lbs. RLO* 
powder, at 100 yards range, and with an energy on impact of 3,011 foot 
tons, will not quite pass through the same kind of deck when covered 
with two thicknesses of |-in. wrough t-iron plate if it strikes at as 
angle of incidence of 8% though it will very severely injure it. 

In Vol. XX., 1872, at page 47, it will be seen that the last-nanifid 
shell, if fired as a live shell at the same rang^e and angle of incidenceB, 
was thought to be more than a match for the same deck ooTered witb 
two thicknesses of f-in. wrought-iron, and that it will certainly pass 
through it, and explode in doing so, if fired so as to strike at highef 
angles with the deck. 

In Vol. XXI., 1873, page 125, it is shown that the aboTe experi- 
ments were followed by others, in which 9-in. and 10-in. R.M.L 
guns were used against stronger decks. 
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These decks consisted of bulb beams 11 inches deep, spaced 4 feet 
apart, covered with three thicknesses of l-in. wronght-iron plating, 
and 4 inches of oak on the top ; also of 8.in. balb beams, spaced as the 
others, covered with two thicknesses of l-in. wronght-iron plate, 
ind 8^ inches of oak planking. 

No instance of complete perforation occnrred with either of the 
gfnns in this trial when the angle of incidence did not exceed IC ; and 
the general conclnsion drawn from the trial was that the stronger of 
ihese two decks was just proof against the 10-in. live Palliser shell 
ttriking at an angle of 10° with the deck, and with an energy of 5,055 
^oot tons, while the weaker deck jnst kept ont the 9-in. live Palliser 
ihell striking, at the same angle, with an energy of 8,396 foot tons. 
?lat-headed steel shell did not prove more damaging to the decks than 
he service-headed (l*5d) Palliser shell. 

In September, 1881, the above results were to some extent con* 
irmed in the coarse of experiments made by the Admiralty at i^astney. 
n these trials there were nsed 2-in. wronght-iron plates, 2-in. steel 
»latee by various makers, 2-in. compound plates, besides plates made 
»f Whitworth steel scales (14 inches square) either If or 2 inches 
hick screwed to l-in. steel plates. All these were screwed to 1-in. 
rroQght.iron backing, thus making the targets 3 inches thick generally, 
.nd they were supported on transverse beams. 

Unfortunately, in disregard of the experience gained at Shoeburynesa 
Q the early trials already mentioned, these targets were set up in front 
f the 10-in. R.M.L. gun of 18 tons, at such an angle of inclination 
hat its Palliser shot fired with full battering charge struck the plates 
t an angle of 15°, and with an energy of upwards of 5,000 foot tons. 
Jnder these conditions the targets, as might have been expected, 
•roved quite uneqaal to the gun, and little or no comparison could be 
astituted between the various materials of which the decks were 
omposed. 

It was, however, found that the 3 inches of steel or iron in these 
argets broke up all the projectiles fired at them, from which it was 
aferred by those who conducted the trials that the decks which these 
ilates represented would have kept out the explosive force of shells 
rem this particular gun. 

Afterwards, when the 10-in. gun was nsed with the reduced 
harge of 60 lbs. P. Powder (striking energy about 4,330 foot tons) 
gainst some of the same targets at the same angle, the gun was found 
) be still overpowering and the 9-in. B.M.L. gun of 12 tons was used 
)r a few rounds, but even this gun was too powerful for the targets 
rhen set up at 15° to line of fire, and much the same effect was pro* 
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duci'd by ifc as bj the 10-in. gnn. It is much to be regretted th&t ^ 
these trials did not afford more positive information. 

The next time that deck targets were tried was in April, 1882, at I 
Eastnej, when 2-in. wrought-iron, compound, and mild steel, pUttt 
were sccored to 1-in. wrought-iron backs, resting on transverse bnlb 
beams, were fired at by the 9-in. R.M.L. gnn of 12 tons with Serrice 
Palliser shot striking at an angle of 10° with the face of the plate. 

These trials gave results which agreed fairly well with those 
obtained at Shoeburyness nearly ten years before, and proved that a 
deck made up of a 2-in. wrought-iron plate on an inch back, it 
sufiicient to keep oat Palliser shot fired from the 9-in. M.L. gon, with 
battering charges, and striking at an angle of 10° at any range. 

Moreover, this experiment gave colour to suspicions entertained 
after the trials of the previous year that wrought iron was as good a 
material as any other for shot- resisting decks. Also it appeared that 
mild steel came next in value to wrought iron, and steel-faced plates 
came last. 

Next came the trials of deck armour in December, 1883, which 
were also carried out by the Admiralty, at Ka&tney, with the 9-in- 
R.M.L. gun firing Service Palliser shot and shell with 1^ diameter 
heads and battering charges. These were instituted for the comparison 
of decks covered with 2-in. mild steel plates on l-in. mild steel 
backing, and three 1-in. plates of the same material. The deds 
were supported on 9-in. wrought-iron bulb beams, spaced 3 feet apart, 
resting on timber. The angle of incidence was made to be 10^ and 
the striking energy 3,500 foot tons. Some common shell were al« 
fired. 

The conclusions arrived at were not very important or well- 
established. No clear comparison between the two kinds of decks 
was obtained. The 2-in. mild steel on 1-in. of the same material 
seems to have given inadequate protection against the Palliser pro- 
jectiles, inferior protection in fact to that which the 2-in. wrought-iron 
on 1-in. wrought-iron gave against the same projectiles in 1882. The 
etfectof common shell, even when they burst, was inferior to that oi 
.Palliser projectiles. The latter were generally broken up on strikingi 
the former always. The Palliser shell with 1^ diameter heads were 
thought to bo more effective in this trial than those with the 
2 diameter heads. 

The only other trial of deck armour remaining to be noticed are 
those which took place at Amager, near to Copenhagen, for the 
Danish Government, in March, 1883. This deck was inclined to the 
horizon at an angle of 7°, and was made of plates 50 mm. ( I '97 inches) 



229 

lick laid on a steel deck 17 mrn. ('GBO inches) thick, resting on deck 
earns. The 50 mm. plates were made of Schneider steel, Cammeirs 
)iDpoTind armoar, and wrought iron, supplied by Marrel Freres. 

The gans were a 9-in. R.M.L. Armstrong gan, throwing a 230 lb. 
alliser projectile with an energy of 3,128 foot tons, and a G-in. Kmpp, 
5 calibres B.L. gan, throwing a steel projectile of 102 lbs., with an 
lergy of 2,253 foot tons. 

None of the 50 mm. plates was perforated and the effect of the two 
ins was essentially the same. The steel plates were thought to oflTer 
le beet resistance. 

The targets set up for these trials presented, in addition to these 
H;k plates, various 100 mm. plates set up at an angle of 24° with the 
)rizon. The same gun was used against them as against the decks. 
1 this series the steel plates kept out all the projectiles, but after one 
mnd at each plate nothing but fragments remained. The compound 
lates kept out two projectiles out of four. The wroaght-iron plates 
3pt out four projectiles out of five. It was considered doubtful by the 
ficers who conducted these trials whether the steel 1 00 mm. plates would 
ive maintained this superiority against heavier guns. Some of the 
iatcs were covered with a facing of cork, but this, as might have been 
Qown from very old experience at Shoeburyness, was found to have 
) effect. 

Trial of Armour in Denmark, 1884. 

These trials took place at Amager in March and June, 1884, and 
ere expected to settle the relative merits of wrought iron, steel, and 
>mpoand, armour for the protection of the vertical sides of turrets ; 
id at the same time to compare projectiles made of chilled Swedish 
m iron with steel projectiles made by Krupp, all with pointed heads 
id all unloaded. 

The plates, which were curved to a radius of 10 feet 6 inches, were 
x>at 228 mm. (8*9 inches) thick, and measured about 5 feet by 6 feet 
inches ; they were backed by 9 inches of oak, and were attached to 
ractures representing the framing of turrets by armour bolts screwed 
short distance into their backs. 

The wrought-iron plate was of French manufacture produced by 
[arrel Frferes. The steel plate was made by Schneider of Creusot. The 
imponnd plates were made by Messrs. Cammell and Messrs. Brown, 
r Sheffield, and consisted of one-third steel, two-thirds wrought-iron. 
he compound plates were slightly thicker than the others. The 
heffield plates were held by twelve bolts to each, the Marrel by eleven, 
id the Schneider plate by sixteen bolts. 
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The guns nsod were a 10-in. M.L. gan of 18 tons, ihrowiog 
battering projectiles of steel and of chilled iron which stmck wHk 
energies of about 5,550 foot tons and velocities of abont 1,400 f J., nd 
a 5'9-in. Kmpp B.L. gan of 95 cwt. throwing steel and chilled inn 1 
projectiles with energies of abont 2,360 foot tons and velocitiM d 
some 1,740 f.s. 

The rcsnlt was generally as follows : 

In the wronght<iron plate two through cracks were formed hj tbe 
first round from the Kmpp gun, showing that the plate oonld not htn 
been of a qnalitj at all approaching to our Sheffield wrongfat-iron 
armoar. 

The Crensot steel plate was completely broken in two by a similv 
ronnd, and the two Sheffield compound plates were slightly cracked on 
the surface but less deeply indented. In every case the steel Bhell 
was broken up. 

By a second round at each plate with steel shell from the KVol 
gun one of the halves into which the Crensot plate had been broi(ii 
was completely demolished ; the Marrel plate was penetrated tad 
much broken, the shell remaining entire ; the Sheffield plates w«t 
penetrated and a comer of each knocked off, the shell having stnA 
too near their edges. 

Cammeirs compound plate having hitherto offered the b6^ 
resistance a third round was fired at it with a 10-in. chilled iron shoi) 
which however proved altogether too much for the target and threw 
tbe plate and its supports some distance to the rear. The shoi howenr 
did not pierce the plate. 

Marrel's and Brown's plates now alone remained fit for aaotlMr 
round and for these the 5*9-in. gun was ooBsidered quite powcfU 
enough. A chilled shot from this gan at each of these plates damped 
the Marrel much more than the Brown plate ; the penetration in etch 
case being less than those by the steel projectileB. 

On the whole it may be said that, on account of the insoffioitft 
dimensions of the targets, and the overpowering energies of the lO-in* 
gun used in these trials, they did not afford so much nsefnl experieBOS 
as might otherwise have been gained from them. 

The conclusions drawn from the trial by the Committee oS offioefi 
who conducted them were to the following effect : 

That the preference was to be given to the Schneider sted and 
Cammell's compound plates, though the ground for this opinion « 
regards the former plate is not very clear. 

That the nature of backing used largely influenoes the naisUuiM 
offered by steel and compound plates. 
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That the perforation of steel and compoand plates prodaces much 
ncre destractive effect than the perforation of wrought iron. 

That hard steel projectiles are to be preferred to chilled iron, though 
fhere excess of vis viva occurs in the projectile the latter are very 
ifficient. 

That 9-in. steel and compound plates do not afford sufficient 
)rotection against the 10-in. M.L. gun at short range. 

That a good compound plate requires for its perforation at least 
S per cent, more vis viva in a given projectile than a wrought-iron plate 
>f the same thickness. 

Italian Experimbnts in 1884. 

As these Papers have in previous years included reports of the 
rerj important trials of heavy armour which have been carried on 
xom time to time by the Italian Government, the present Paper will 
conclude with a brief notice of one which took place at Spezia on 1st 
)ctober last, though it must be explained that as this experiment 
K)curred subsequently to my relinquishing the post connected with 
iron Fortification which I have held for so many years, this account 
Qust be taken as a mere interim report, to serve until some one having 
tccess to better sources of information can more thoroughly sift the 
esults. 

The trial was instituted to bring out the relative merits of steel 
nd compound armour for the protection of ships of the Italia and 
'jepanto class, in the Italian Navy, against guns of the type which 
hey themselves will carry. 

Three plates were tried on this occasion. Each was 48cm (nearly 
9 inches) thick, about 9 feet 6 inches long and 8 feet wide, and 
weighed some 26 tons. 

One was of forged Schneider steel from the works at Creusot, and 
wo were compound plates (one-third steel, two-thirds wrought iron) 
oade by Messrs. Cammell and Messrs. Brown of Sheffield by their usual 
patented processes. 

The steel of those plates contained carbon as follows : Schneider's 
(teel plate 0*42 per cent, Gammell's compound plate 0*87 per cent, 
3pown's compound plate 0*81 per cent. 

Each plate was set up with a compound backing consisting of wood 
ind iron stringers 20 inches deep immediately behind it, and these were 
x>lted to a strong ship's side, representing one of the Italian war ships, 
}y 18 armour bolts. 

The first gun used was the 17-in. B.L. Armstrong gun of 100 
bono with forged Krupp projectiles and battering charges of 350 



232 

kilos of FosRano Powder, which is somewhat less charge than the 
highest intended for this gan, hat the range was only aboat a hundred 
yards. 

The energy of each blow on impact was aboat 44,160 foot tons. 

One of these blows delivered in the centre of each plate pierced the 
target and split the plate into from 3 to 5 pieces. The shot which 
passed throagh Cammeirs compoand plate went a shorter distance into 
the sand behind than that which went through the Schneider steel 
plate. In Brown's compoand plate the steel face was not thoroaghlj 
attached to the wroaght-iron back. 

It is anderstood that the compoand plates broke these steel pro- 
jectiles into smaller pieces than did the steel plate. That fired at the 
latter plate being foand practically in foar pieces, all of which were 
inside the target. 

Sabseqaently to the above practice a lO-in. B.L. Armstrong gnn 
of 25 tons, delivering blows of aboat 15,000 foot tons each, was lued 
with Krapp steel projectiles for a few rounds. 

One of these blows at Messrs. Brown's plate left nothing more to 
be fired at. Two at Messrs. Cammell's plate reduced it to much tlie 
same condition. Bat the Schneider steel plate stood foar of tbeie 
rounds, though it was completely broken up by them ; so much so in 
fact that at last it was reduced to a mere heap of fragmentSi '^ 
having been separated into more than 15 pieces. The indents mi^ 
by these 10-in. projectiles measured from 12 to 13^ inches in deptli 
in the steel plate, 13 to 13^ inches in Messrs. GammeH's compound 
plate, and 14^ inches deep in Messrs. Brown's compound plate. 

It is said that in this case also the projectiles fired at the compoand 
plates were broken into smaller pieces than were those which strndc 
the steel plates. 

It will be instructive to compare these results with those obtained 
in the former Italian experiments of 1882-3, reported Paper S* 
Volume IX. 

January 10th, 1885. T. I. 
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HYDRO-PNEUMATIC GEAR FOR SIEGE 
AND HEAVY ORDNANCE. 



Two Lectures delivered at the School of Military Eiufineering^ Ghathami^ 

daring tfie Spring of 1885. 



By W. Anderson, Esq., M.I.C.E. 



HYDRO-PNEUMATIC GUN-CARRIAGES. 

The object of the lectures, which the Commandant has done me' the 
honour of asking me to deliver, is to explain the principles upon which 
Hydro-pneumatic Gun-carriages are designed, and the mechanical 
details involved in their construction. 

I will assume that you are conversant with the laws of motion 
and with the method of calculating the strength of structures when 
the strains affecting the several parts have been ascertained. I will 
therefore commence by saying a few words about the compression of 
gases ; I will then describe some forms of Hydro-pneumatic Carriages • 
nexiy I will examine, in detail, a particular design ; and, finally, I will 
describe some of the mechanical details on which the success of a 
carriage very much depends. 

The recoil of guns can be taken up directly by the compression of 
air, without the intervention of any Hquid, but there is a practical 
inconvenience in the method arising from the circumstance that it is 
impossible to construct a cylinder so that there shall be no clearances * 
that is, that the ram or piston shall completely sweep through the 
whole volume of the cylinder and expel all the air, a certain^quantity 
will remain, and, as a margin must be left in the stroke of iiie piston 
or ram, this quantity may at times be considerable, and would be 
under a greater pressure than that necessary to balance the gun after 
its motion had ceased. A partial recoil would consequently take place, 
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just like in the bafiers of railway carriages, which react and force the 
carriages apart as soon as they have been brought to rest by the work 
of compressing the buffer springs. 

By filling the cylinder full of water, and confining the air in s 
vessel separated from the cylinder by a passage fitted with an anfa^ 
matic valve, opening from the cylinder towards the air vessel, no 
elastic matter remains in the cylinder to affect the ram, while the 
air in the air vessel is prevented from doing so by the valTe 
interposed. 

Hydro-pneumatic compressors may be arranged to control tbe 
recoil of guns mounted on ordinary carriages ; there is, however, 00 
great advantage to be derived from such an application, because tiv 
recoil can be absorbed -very eflSciently by the simple hydraulic oonu 
pressors, and the guns can be run out by giving a moderate inclinataoo 
to the slides. The use of compressed air is always objectionable on 
account of the liability to leakage, the space occupied by the sir 
vessels, and the necessity of providing pumps to keep up ti>0 
pressure. 

But when guns are mounted on the disappearing principle, il>0 
properties of elastic gases, as agents for storing the energy of rec(A 
become exceedingly valuable, and, in fact, form the sole means i 
accomplishing the object in view when the guns exceed, what is now 
considered, a very moderate calibre. 

Gases, such as those constituting atmospheric air, which are &f 
removed from their points of condensation or liquefaction, may li&v<> 
their volume and pressure varied, either without change of tempeit- 
ture, or, if the variation takes place very suddenly, before heat cm 
escape or be communicated, with a rise or fall of temperature corre- 
sponding to the work pei*formed on the gas or done by it. 

In the first case the pressures will vary as the ordinates of ^ 
isothermal curve, in the latter of an adiabatic. 

When gases are compressed or suffered to expand at consttft 

temperature the volumes vary inversely as the pressures, so that if f 

and 1; be the pressure and volume at one time, and jpi Vj at anotlitfi 

then 

p^Vx = |> r = a constant, 

from which equation any one of the four values which is unknown 
may be derived. The work done in compressing along the isothermal 

When gases are compressed, or allowed to expand so that heat cai> 
neither escape nor be communicated, the temperature rises or falls ^o 
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1^ degree correspondiDg to the work done in compressing the gas, or 
done hj the gas in expanding, the number of units of heat correspond- 
ing to the work done is either imparted to, or taken away from, the 
gag; hence if gases are heated without being allowed to change their 
Tolnme, although the pressure will increase, less heat is required than 
if the pressure is kept constant and the volume allowed to increase, 
the reason being that in the first case no external work is done, while 
in the latter the atmosphere or some other load is lifbed. 

The absolute zero of temperature is — 460° P. or 492** below the 
freezing point, and gases free to expand dilate in direct proportion to 
their absolute temperatures, or, if they are confined, the pressure rises 
n the same proportion. The absolute zero of pressure, that is absolute 
vacuum, is 14*7 lbs. per square inch — 2117 lbs. per square foot below 
he atmosphere, and you must be very careful to remember that in all 
calculations connected with gases absolute pressures and temperatures 
hould always be used. 

One pound of air confined in a vessel requires *169 units of heat to 

aise its temperature one degree F. At the freezing point, or 492^ 

'l)6olute, 1 lb. of air is represented by 12*387 cub. feet. If we double 

he temperature we shall raise the pressure to 29'4 lb. absolute and 

onsume 

1 lb. X 492° X •169tt. = 83150 heat units. 

If, however, we allow the air to expand, causing it to lift the 
.tmosphere, keeping the pressure constant to 14*7 lb. absolute, we shall 
louble the volume and displace 12*387 cubic feet of air. The work 
lone will be = 

12-387 c. ft. X 2117 lbs. per sq. foot = 26,222 foot pounds ; 

Lividing this by Joule's equivalent, 772, we get 33*966 units of heat 

absorbed in the work, and therefore one pound of air will require 

J3-150 + 33*966 = 117*116 t*. to double its temperature at constant 

)res8ure, the ratio 

117*116 

83160 "" ^'^^ 

is known in mechanics by the Greek letter y, and is the ratio of the 
specific heat of gases at constant pressure (for air 238) to that of 
constant volume (for air '169). 

Gunpowder gases are nearly three times the weight of air. 1 lb. 
measures 4*458 c. ft. at 492° absolute, and the specific heat at constant 
volume is *183 ; therefore doubling the temperature and pressure of 
1 lb. of gas at constant volume will absorb 

1 lb. X 492° X -183 = 90*03 units, 
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and the work of displacing the atmosphere, oansed hy donbling the 
temperature and yolume, that is, displacing 4*458 c. ft. of air, is 

21171b. X 4-458 eft. ,^^^ . 
= 77^;: =12-22 units; 

^ ^ 93-03 + 12-22 , , ,„ 

therefore y = ^.03 = ^l^' 

The equation to the adiabatio curve is 

and if t ti be the absolute temperatures, 

v-l 
then J /^^»^'y"'^=r f^\ y 

The work done in compressing or expanding along the adiabatic 
curye, reckoning always in absolute pressure. 



^=n{'-(.Ty-'} 



or 



^=f^{'-(^P'^ 



If the volumes are taken in cubic feet then the pressures mast be 
in pounds per square foot. 

I will now describe two or three types of carriages designed under 
the personal directions of Colonel Moncrieff, whose name, you are no 
doubt aware, is so closely associated with the system of Artillery on 
the investigation of which we are engaged. 



MONCRIEFF HYDRO-PNEUMATIC CARRIAGE, 

FOR 9-2" B.L.R.G. 

Bt Messrs. Easton and Andebsoh. 

Plate I. 

The body of the carriage consists of a pair of V'^^P^ frames (i) 
made of boiler plate and angle iron, attached at their apex and lower 
end to a cast steel pivot (b) working in a pivot plate (c), embedded in 
and secured to the masonry or concrete at the bottom of a well formfid 
in the middle of the gun-pit. The upper ends of the frames are con- 
nected solidly together by cross ftrames, and supported by six horizontal 
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•Hers or trucks (D),w]iich run round a cast iron roller path (b) secured 

the masonrj of the upper edge of the well. 

Through the forward upper portion of the frames passes a wrought 
m rocking shaft (f), on to which are kejed a pair of wrought iron 
vers (o), the upper ends of which are formed into bearings for the 
unnions of the gun and fitted with cap squares. 

Between the levers, about one-third of their length from the 
Icrom, is placed a crosshead (h), into which is keyed the upper end of 
connecting rod, the lower end of which rests in the bottom of a 
)llow plunger or ram (i), sliding through a gland, packed with leather 
' hemp, into an inclined cast-iron cylinder (j) bolted securely between 
le two frames. The plunger is a little smaller in diameter than the 
iinder, but terminates in an enlargement, or piston, which fits the 
>re and serves at once as a guide, an automatio throttle yalTe,.and a 
3p to prevent the ram being forced out too far. To the lower forward 
d of the cylinder is fitted a recoil valve communicating with two 
rought-iron air-vessels (l) placed inclined, parallel to, and under the 
linder. From the lower end of the air vessels a pipe, controlled by a 
?ew stop- valve (m), communicates with the upper end of the cylinder 
it below the gland. This connection serves for raising the gun into 
3 firing position, and the port or passage by which the pipe enters 
3 cylinder is so arranged that the piston end of the ram, as the gun 
88, gradually closes the opening, and so brings the gun gently to 
)t. 

The elevating arrangement consists of a pair of trunnions (n) 
sured in any convenient manner to the breach end of the gun ; of a 
IT of elevating bars (o), the upper ends of which are attached to the 
innions by elastic connections, and the lower ends turn round a 
ift which crosses from side to side of the frames, and the ends of 
lich are fitted into slide blocks working in guides (p) secured to the 
ler faces of the frames. 

The slide blocks are elevated by screws passing through them, 
d the two screws are turned simultaneously by bevil wheels actuated 

a shaft, common to both, crossing the frames, and brought into 
)tion through bevil gear by means of an inclined hand-shafl (q), 
lich can be actuated either from the level of the gun-pit or from the 
ttom of the well. 

The training.gear can also be operated either from the upper or 
?er level of the emplacement. 

A rack (s) is formed just below the roller-path in the casting forming 
B upper margin of the gun-well. Into this rack gear a pair of 
lions, actuated by vertical shafts passing up through the deck over 
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the well, into gearing pillars (r) secnred to it, and having hand-sbafb 
connected with the vertical shaft hy means of bevil gear. The lomr 
ends of the vertical pinion shafts are produced downwards, and, \ij 
means of inclined shafts, are also operated, through bevil wheels, by t 
hand-shaft (v) attached to the lower ends of the main frames. 

The well is completely decked over by splinter-proof plating (w), 
and access to it may be obtained either by trap-doors through the 
deck and ladders, or by a covered way from the side. 

To protect the men loading, a screen (x) is fitted to the framewoik 
and revolves with the carriage. An aiming platform may be arranged 
to suit the particular situation of the emplacement. 

Two sets of small pumps (y) are fixed, one on each side of the 
main frames, and actuated by hand wheels, one set for charging the 
air vessels with air, and the other for lowering the gun firom the firing 
to the loading position, by pumping water from the cylinder into tlje 
air vessel. 

The following are the principal dimensions : — 



Diameter of gun-pit .... 

Depth of ditto ..... 

Diameter of well .... 

Fall of gun vertically 

Length of path described by trunnions 

Diameter of recoil cylinder 

Stroke of ditto ..... 

Depth of well ..... 

Average air pressure .... 



ft. 


in. 


30 




6 


10 


20 





10 


6 


17 


6 


30 1 


5 


3 


12 





234 lbs. 



MONCRIEFF HYDRO-PNEUMATIC CARRIAGE, 

FOR 10" B.L.R.G. 

By Messrs. Easton and Anderson. 

Plate II. 

The body of the carriage consists of a pair of wrought-iron beams (*) 
connected together so as to form a solid frame. Towards the middle 
of the lower side of the frame is a pivot plate (b), fitting on to a pivot 
piece (c), securely bedded in the masonry or concrete of the emplace- 
ment. The outer ends of the frames are carried on two pairs of cast- 
iron wheels or rollers (d), travelling on a roller-path (e) embedded in 
the fioor of the emplacement. 
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On the upper side of the frame, towards the middle, are Beonred a 
lair of cast-steel pedestals (f), which carry a wronght-iron rocking- 
baft (o), on to which are keyed a pair of bent wrought-iron levers (h), 
he npper ends of which are formed into bearings for the trannions of 
he gnn, and fitted with cap sqoares. 

The lower ends of the bent levers are connected by a wronght-iron 
haft (i), round the middle of which is clasped the outer end of a oon- 
lecting rod, the opposite end of which abuts into a recess in the bottom 
f a hollow trunk or plunger (j), which works into the horizontal recoil 
ylinder (k) through a gland packed either with leather or hemp 
lacking. 

The plunger is a little smaller in diameter than the cylinder, but 
erminates in an enlargement or piston, which fits the bore, and serves 
.t once as a guide, an automatic throttle- valve, and a stop to prevent 
he ram being forced out too far. 

The cylinder is of cast-iron, and is secured to the side girders of 
be main frame. 

Planted on the rear end and top of the cylinder are two automatic re- 
oil valves (l), which communicate with two wrought-iron air vessels (m) 
laced horizontally, one on each side and over the cylinder. A branch 
»ipe from the lower sides of the air vessels, common to both and con- 
rolled by a screw stop- valve (o), serves for elevating the gun into the 
oading position, and communicates with the recoil cylinder close 
)ehind the gland at its outer end, entering it by a port^ which is 
gradually closed, as the gun rises, by the passage of the piston-shaped 
ulargement, which forms the outer end of the ram, so soon as the 
^n is nearly up. to its fall height, thus bringing it to rest in a very 
gradual manner. Bnfiers (p) are provided to check the gun, both in 
bs downward and upward movements. 

The elevating arrangement consists of a pair of trunnions (q) secured 
n any convenient manner to the breach end of the gun, and a pair of 
tlevating bars (r), the upper ends of which are attached to the trun- 
lions by elastic connections, and the lower ends turn round a shatt 
vhich crosses from side to side of the frame, and the ends of which 
kre fitted into slide blocks working in guides (s) secured to the inner 
iaces of the girders forming the frames. 

The slide blocks are elevated by screws passing through them, and 
he two screws are turned simultaneously by skew-wheels, actuated by 
. hand-shaft which crosses the carriage and is worked from either 
ide by a hand- wheel (t). A scale properly graduated will indicate 
he degree of elevation of the gun. 

To soften the kick-up of the carriage at the moment of discharge, 



240 



the front end of the main frame is fitted with a pair of short-stroke 
hydraulic compressors (u), the piston-rods of which are attached to 
brackets (v), which slide along a rail secnred to cantilevers (w) bulk 
into the wall of the emplacement, and seonrelj held down. Tbe 
cantilevers carry a splinter-proof platform, which runs round tk 
gnn-pit, and serves as a banquette from which the operations of tlie 
detachment may be directed and the g^un laid. 

The compressors act both ways ; that is, they will resist the apmrd 
kick of recoil, and will also lower the carriage gently after the motiot 
of the gun has ceased. The compressor cylinders are solid at tlie 
bottom, so that the liquid used, once filled in, cannot leak out. 

The training of the carriage is effected by hand-wheels (x) on each 
side of the front end of the frame, which actuate the front wheels or 
rollers by means of suitable gearing. 

The hand- wheels and shaft for training can also be used for worldog 
a pair of pumps (y), intended for forcing air or water into the air vessel^ 
or for lowering the gun from the firing into the loading position; 
this is effected by pumping the water from the cylinder into the air 
vessels. 

The men attending to the training and elevating are protected hj 
the parapet from the enemy's fire. 

The drawing shows an arrangement of a shield, by which tbe 
detachment can be protected ; also arrangements for facihtating tbe 
loading operations. 

The following are the principal dimensions ' — 

Diameter of gun- pit . 
Depth of ditto . 
Fall of gun vertically 
Length of trunnion path 
Diameter of recoil cylinder 
Stroke of ditto . 
Average air pressure . 



ft 


in. 


32 


6 


13 


6 


9 





14 


3 


26 


3 


8 


430 lbs. 



MONCRIEFF HYDRO-PNEUMATIC CARRIAGE, 

FOR O'G" M.L.R.G. 

By Messrs. Easton and Andeesok. 

Plate III. 

The body of the carriage consists of a pair of wronghi-iron frames (a)i 
composed of plates and angle-irons framed together at the ends ftD<i 
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iODDOcted likewise at the centre, nndemeatb, by the pivot plate (b), 
rhich turns roand the pivot (c) formed on a casting solidly imbedded 
Q the masonry of the emplacement, and secured to it by foundation 
K)lts. The rear end of the carriage is carried by a pair of tmcks (d), 
rhich traverse on the cast-iron racer (b) imbedded in the masonry, 
^e tracks are each fitted with trains of wheels (b) actuated by winch 
landles, through the instrumentality of which the training of the gun 
3 effected. The front end of the carriage is carried by a single 
rack (d'), which also runs on the racer (e). 

The vertical kick of the forward end of the carriage is controlled 
y a pair of hydraulic cylinders (s), shown in detail in Plate IV., the 
)wer ends of which are hinged to a sliding-piece which traverses in 
le grooved racer (t), while their piston rods are secured to a cross 
Bam riveted on to the end of the carriage. The extreme lift allowed 
six inches. The pistons fit loosely in the cylinders, allowing suffi. 
ent leakage to enable the water to pass with the necessary i*apidity 
om the upper to the lower side of the piston. The cylinders having 
lid bottoms, there is no danger of the water leaking out, and as in 
e normal position of the carriage the pistons are down, and their 
ds are as far in the cylinder as they can be, there is no risk of too 
ach water being put in when the compressors are being filled. 

A shaft (f) rocks in bearings formed in the upper forward end of 
e carriage frames, and has keyed on it a pair of arms (c), the upper 
ds of which terminate in bearings which receive the trunnions of 
9 gun, which are secured in the usual manner by cap squares, 
ilf way up the arms is pivoted the crosshead (h), secured to the outer 
d of the ram (i), the lower end of which works into the cast-iron 
linder (j), arranged to oscillate on trunnions resting in bearings 
Tued in the main side frames of the carriage. The ram works through 
^land packed with a u leather collar, and the lower end is enlarged 
form a solid piston, which not only prevents the ram being forced 
b too far, but also serves to shut off the water by which the raising 
the gun is effected, by covering the port (a) by which the water enters 
» cylinder. Communication from the upper annular space to the 
rer part of the cylinder is provided by means of four holes through 
) piston. 

The cylinder (j) communicates Avjth a steel air vessel (l) through a 
isage fitted with a recoil valve (k), opening from the cylinder towards 

air vessel. The valve is well supported by guides, and is held up 
its seat by means of a spiral spring. 

In the left-hand trunnion (b) is the raising valve, worked by a 
idle (m), which opens a communication by means of the pipe (c) 
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between the water space of the air Teasel and the upper end of the 
cylinder, so that when the valve is opened the water in the air Yeead 
is forced by the pressnre of the air into the water cylinder, and bb 
presses out the ram and raises the gan. 

A pair of trunnions (n) are fixed in any convenient manner on tk 
rear end of the gun, and connected by the elevating bars (o) to pivote 
formed in blocks sliding in the frames (p) secured to the main finmei 
of the carriage. The blocks are actuated by screws, the upper esk 
of which carry tangent wheels operated by a cross shaft, common tft 
both, fitted with a hand-wheel on each side. For the purpose d 
hauling down the gun when not fired, a recessed drum or barrel (t) 
receives a chain which passes over a sheave attached to the rear croa 
frame of the carriage, and hitches on to a hook secured to the npp^ 
end of one of the main arms. 

The barrel is operated through a train of wheels by a winA 
handle (w) projecting on the right hand of the carriage. 

An aiming platform (d) is supported on bars hinged to the mao 
arms, and to the upper side of the carriage ; this platform rises m 
falls with the gun. 

For the purpose of making good any small leakage of air or watei 
a small differential pump (u) is attached to the rear cross frame of tM 
carriage, and is connected to the cylinder by a coil of ^ inch copper 
pipe. 
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MONCllIEFF HYDRO- PNEUMATIC CARRIAGE, FOB 
G" 5 TON B.L. ARMSTRONG GUN. 

By Messrs. Sir W. G. Armstrong, Mitchell, and Co. 

Plates V. atid VL 

The body of the carriage consists of a pair of frames (a), oompoifi» 
of steel plates and angles, tied together at each end by segmeni** 
arcs (b), which rest on a ring of live rollers (c), which in their tom 
travel round a fixed roller path (d), which forms part of a masri^ 
casting secured to the masonry of the emplacement. The live rolle** 
are made with flanges at each end, which overlap the upper and lowcf 
paths, and thus afford both lateral and vertical support to the carriagOi 
and enable a central pivot to be dispensed with. 

To the upper forward end of the main frames cast-steel bracked 
are attached, and take a rocking shaft (e), on to which is keyed a p«i 
of cast-steel main arms (f), in the upper ends of which are formed th 
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Barings for the gun trunnions (o), which are retained in their places 
f cap squares, arranged to slide in under snugs in the arms, thus 
LBpensing with bolts and nuts. The cast-steel hydro-pneumatic 
rlinder (h) is fitted with trunnions (i) about its centre, and is carried 
T bearings attached to the inner sides of the main frames (a). The 
iinder has its air-vessel (j) cast on its back, and is fitted with a 
coil yalye (k), accessible through a cover conveniently placed. 

The ram terminates at its upper end in a cross-head (l), which 
>rks on to a pin keyed into the main arms, and its lower end is formed 
fco a piston of slightly greater diameter, which works in the truly 
red cylinder, and serves as a stop to prevent the gun rising too 
r. 

The valve (m), for raising the gun by opening a communication 
tween the water space of the air-vessel and the cylinder, is in the 
ttom of the latter, and is actuated by a handle (n), conveniently 
iced at the rear end of the carriage, the said valve being also closed 
tomatically when the gan has risen to the proper position by a 
rd (o), one end of which is attached to one of the main arms, and 
3 other to a lever actuating the valve. To prevent the gun falling 
» low buffers (p), are fixed on the rear ends of the main frames, and 
disposed as to receive the backs of the upper ends of the main arms 
it behind the trunnions. 

The elevating gear consists of a pair of bars (q), the upper ends of 
ich are pivoted on trunnions, fixed to the breech end of the gun, 
i the lower ends to curved racks (r), which work in guides secured 
the ontsides of the main frames ; the racks are so curved that when 
> gun is in the loading position their traverse does not affect the 
a. The elevating is operated by a hand-wheel (s), on one side of 

carriage, actuating the racks tljrough a train of wheels. 

The training of the gun is effected by hand-gear (t), attached to 
h side of the forward end of the carriage. A large hand- wheel 
es motion through a pair of bevil wheels to a vertical shaft, the 
'er end of which carries a pinion (u), which engages into a circular 
k cast on to the base plate of the carriage. On the same plate is 
anged a clip ring (v), into which engage clips in front and rear to 
vent the carriage kicking up. A chequered plate platform is 
iched to each side of the carriage, and covers the roller path and 
k. 

Having discussed the laws relating to the properties of gases, and 
cribed, generally, several types of hydro-pneumatic carriages, I 
ik that I shall best make my subject clear to you by going step 
step through the designs of a particular example, and I will select 
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a carriage recently made and now under trial at Shoebnryness. This 
carriage, tbe same as that which is illustrated on Plates III. and IV., if 
intended for a permanent emplacement ; it pivots completelj roond in 
a pit 13 feet diameter bj 9 ft. 6 in. deep, and carries one of the old 
6 ft. 6 in. M.L.R.G. 

The chief dimensions are the following : — 

Diameter of bore . • . . 6 ft. 6 in. 

Volume of bore .... 1*922 cubic feet 

Length passed over bj the shot . . 6 ft. 6 in. 

Weight of shot 100 lbs. 

Weight of powder .... 26 lbs. 

Weight of gun 7,595 lbs. 

Extreme vertical fall of gun . . 4 ft. 5 in. 

Muzzle velocity . . * . 1,460 feet 

The first point to be determined is the energy of the diacbarge. 
This consists, so far as recoil is concerned, of three items only. 

1. The energy imparted to the shot. 

2. The energy expended in ejecting the powder gases. 

3. The energy expended in displacing the atmosphere. 

1. The energy absorbed by the forward motion of the flhot tf 
easily calculated when the muzzle velocity is known. It is in this caae 

W. shot = 100 1^- X 1460^^ ^^7^.g ^^, ^^ 

2240 X 64-4 

The energy expended in rotating the shot does not affect the recoil, bot 
tends to turn the gun on its longitudinal axis in the opposite directioD' 

2. The energy expended in ejecting the powder gases is, unfortu- 
nately, a matter of conjecture. We are still in complete ignorance tf 
to the pressure of the powder gases in the bores of guns during tb* 
time the shot is travelling out. The only indications we have we 
those afforded by crusher gauges, but there is good reason to belief 
that these are utterly untrustworthy. The indications of crosber 
gauges depend upon the shortening of standard copper cylinders, wbico 
are exposed to the pressures in the bore ; the shortening is oompttred 
with changes of length produced by known pressures slowly applieOi 
and, at first sight, very accurate results might be looked for; but in ><^ 
changes of form in metals time is an essential element, therefore ^ 
order that crusher gauges should give comparable indications thef 
must either be exposed to pressure for a sufficient time to enable tbe 
shortening due to the pressure to be completed, or else the tiio® 
during which they are exposed to the known standard pressure, and 
to that of the powder gases, must be the same. As neither of these 
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f flOnditioDS are attainable in practice, it follows that the records of 
crasher gauges must be erroneoos, and that, too, on the dangerous 
aide — they must be too low. 

I find a confirmation of this view in the circumstance that Captain 
l^oble ascertained that the pressures registered by crusher gauges 
Agreed yefy closely with the pressures calculated from the increments 
of velocity of the shot only ; but this, we shall presently see, leaves 
9at of the record the energy absorbed in expelling the gases, in dis- 
placing the atmosphere, and in overcoming some internal resistances 
^th which we are not now concerned. 

The usual way of treating these items of the energy of discharge, 
^hen they are not neglected altogether, is to add the whole, or a portion 
*t the weight of the powder to that of the shot, and suppose that the 
^90 are ejected with the same velocity. Colonel Kemmis, R.A., has 
instructed his tables of the energy of recoil upon this basis, adding 
he whole of the weight of powder to that of the shot. 

There is no rational foundation for this method ; it takes no account 
^€ the length of the gun, the volume of the bore and powder chamber, 
'he mode of ignition, or the quality of the powder, yet it is well 
CQOwn that all these points have an important influence on the flight of 
'he shot, and therefore on all the motions which take place in the chase. 

In a recent lecture at the Society of Arts (January 29, 1885), 
ti treating of a gun as a heat engine, I indicated how the pressures 
^ the bore may be ascertained from observations on recoil, by means 
^f the Sebert velocimetre, and I trast that the Ordnance Committee 
Brill give my method a trial ; but as the experiments have not yet been 
cuade, and therefore no law has been determined, I must point out to 
fon the methods by which an approximation to the energy of dis- 
charge may be arrived at. 

We have already seen that 1 lb. of pebble powder produces 
^-458 cubic feet of gases at 14*7 lb. per inch pressure, and at the 
freezing point. If we suppose the surrounding temperature to be 
60^ or 520° absolute, then the charge of 25 lbs. of powder will develope 

251bs. X 4458 cubic feet x-j7r7r^=117*8 cubic feet of gases. Now, if 

492 

these gases are forced slowly into the gun, so that there should be no 
change of temperature, the pressure would rise according to the 
ordinates of an isothermal curve, and the work done would be 
^ 'I17-8 c. ft. X 2,117 lbs. ^ , ./117-8\ ..q.o ^^ * * 

If the gases are allowed to expand under the same conditions they 
would do the above amount of external work, and the reaction, made 
evident in recoil, would be the same. 
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The prcssnrQ of the gases at 60° in the bore, after they had all been 

pressed into it, will be 

^ 14-7 lbs. X 117-8 c. ft. .^o X - , 

^- = 2;m lbs. X 1;922 c. tt. = '^^ ^"^ ^ «^^*^ ^°^^- 

Bat the temperature is much higher than 60° at the moment when 

the shot leaves the muzzle. How much is not known, but it may be 

estimated at bright red heat, which is about 1,700°, or 2,160* absolute; 

and if this be so, then the actual final pressure will be 

jy -402 tons X 2,160° , ^.^ . . , 

P. = ^,^ =s 1-67 tons per square inch. 

The gases produced by 25 lbs. of powder at 2,160° temperature, pent 
up in a bore having 1*922 c. ft. capacity, weigh — ^ =5 13 lbs. to 

the cubic foot, and therefore the pressure of 1*67 tons per square inch 
would correspond to that of a homogeneous column of gases 

1-67* X 2,240 lbs. x 144 sq. ft. ^i ., a r ^ 
13 lbs. - =41,410 feet 

high. Now, the velocity with which the gases will spring oat of the 
bore, as soon as released by the shot, will be proportional to the square 
root of this column = 8 \/41,410 ft. = 1,633 feet per second, and the 
energy will be 

^- ^ = -^^S' = ""'■' ''"* **"^" 

Bnt you must bear in mind, on the one hand, that the whole of the 
gases do not escape at the same velocity ; and, on the other, that a 
certain amount of euergy is absorbed in moving the centre of g^ntj 
of the gases from the centre of the cartridge to the centre of the chase 
just before the shot leaves the muzzle, doing therefore a certain amount 
of work simultaneously with the shot. Had we perfect gases to deil 
with, the problem of calculating the energy of discharge would be 
beyond the reach of mathematics, much more is it so when the evoh' 
tion of gas continues at an unknown rate the whole time that the shot 
is travelling out of the gun. 

We have yet another method for forming an estimate of the woriE 
done in expelling the powder. If the gases were suddenly compressed 
into the bore of the gun, the pressures would rise according to the 
ordinates of an adiabatic curve, and we should have a final pressure 

(J^^^.Qx 1*143 
1-9^ ] ~ '^fi^^ lbs. per square inch, or '725 tons. 

The work done in compressing would be 

w c^poa -.117.8 c. ft. X 2,117 lbs. / , /117-8\i« 1 ^^a *^ ^ 
^•^^ = -•143^2,24015^- I ^-(ry22J j = 629ffc.tons. 
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CompariDg these results wo get : 

CompressioD along isothermal = 458*2 ft. tons. 
Energy derived from pressure = 462 '1 „ 
Compression along adiabatic = 629.0 „ 

For our present purpose, I will take the work of expelling the 
sbses as that derived from the observed or calculated final pressure. 
Let W = weight of powder in lbs. ; 

p = final pressure of gases in tons per square inch ; 
e = velocity with which gases are ejected ; and 
c = vol. of bore in cubic feet ; 

W lbs 
hen weight of gases per cubic foot = — '—^ Height of gas column = h^ 

c c. it. 

>* X 2,240 lbs X c c. ft. X 144 sq. in. ^^ j . _ q Ax2,240x144xc 

"w. lbs. » ^ « - >Y/ w: 

Work = ^ = « X 2,240 x 144 x c foot lbs., 
c4*4 

c = 144 p c. foot tons, 

In this case = 144 x 1*67* x 1*922 = 462 foot tons. 

Therefore, the work of expelling the gases in foot tons may be taken 
bs the product of the final pressure in tons per square inch, into the 
lumber of square inches in a square foot, into the volume of the bore 
n cubic feet. You will observe that this is, at any rate, a rational 
expression, for it takes account of the form of the gun, the nature of 
«he powder, the mode of ignition, and all other circumstances which 
nfluence the final pressure. In default of direct determination, the 
inal pressure must be estimated in the manner I have indicated. 

The third item, the energy expended in displacing the atmosphere, 
is easily calculated. It is quite plain that while the shot is travelling 
eJong the bore it is pushing the air before it, and the work of doing 
this is equal to the pressure of one atmosphere on the end of the shot 
multiplied by the distance the shot travels. But, over and above that, 
we have 117*8 cubic feet of gas at 60°, and 3,740-5 lb. pressure sud- 
denly produced out of about '4 cubic feet of powder. The temperature 
at the moment of the shot leaving the muzzle we have assumed to be 
2160° absolute, hence the gases in expanding and displacing the 
atmosphere would cool 

mi- 1 -11 u 117*8 cubic feet X 1081° oka u- r i. 
The volume will be -^rzr- = 250 cubic feet. 

mi 1 J -11 u Txr 250 cubic feet X 2117 lbs. ooc /? i. x. 
The work done will be W = 2240Th =235*6 foot tons. 
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Collecting those items, we have 

Work in expelling shot 
„ „ gases 

„ displacing air 

Total . 



1477-6 foot tons. 
4621 „ „ 
235-6 



99 99 



2175-3 „ „ 



or this amount no less than 697-7 foot tons, or 48 per cent of the • 
energy of the shot, is due to the expulsion of the powder gases. 
According to Colonel Kemmis's tables, it wonld have been only 2^ per 
cent., the proportion which the weight of powder bears to that of the 
shot. 

Now, according to the third law of motion, this action must hiivei 
corresponding reaction in recoil, that is to say, — while the work of 
ejecting the shot and gases is going on, an eqnal work, in pusbing 
back the gun and carriage, is being performed ; these, therefore, 
according to the first law of motion, must acquire a certain velocitj 
during the same time that the discharge is taking place, and after 
that, supposing the gun and carriage perfectly free, the motion woald 
continue uniform for ever. 

We do not know the law according to which the pressures vary in 
the bore while the shot and gases are moving out, we will therefore 
assume that the pressure is uniform and equal to the mean pressure, 
and that, consequently, motion takes place in accordance with the 
laws applicable to uniformly accelerated velocity. 

The space passed over by the shot being 6*3 ft., the average 
pressure along the bore to produce the energy of discharge we have 

iust calculated must be= — , , _ ^ =345*2 tons. 

** 6*3 feet 

Dividing this by 34*2 square in., the area of the bore, gives a mean 
pressure of 10*13 tons per square inch. 

The powder and shot together weigh 125 lbs. or '056 ton, tlw 
velocity which would correspond to the energy of the discharge woald 

056'xt;». 



bo found thus— 2175*3 feet tons = 



64*4. 



,64*4x2175*3 -i.QA.tn^ j 

• • . «=>/-- - ^ - — =1584-6 ft. pep second. 

-056 '^ 

The quantity of motion ormomentum=1584-6' x '056 ton8=88'73, 
and this is equal to the moment of recoil ; that ia, the eflfeotive weiglii 
of the gun and carriage multiplied by the maximum velocity attainad. 

The effective weight recoiling is composed of the weight of tbe 
gun, and the effective resiatanoe of the pair of main levers and elevalbg 
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bars. To ascertain the amonnt of these we must ascertain the radii 
of the circles of gyration. 

The circle of gyration is the path described by the mean energy of 
motion, that is to say, the square of the radius of gyration multiplied 
by the weight of the revolving body is equal to the sum of the weights 
of the particle of the body multiplied by the square of their respective 
diBtances irom the centre of rotation. The velocities being proportional 
to the distances from the centre of rotation, the squares of those 
distances will be proportional to the squares of the velocities, and 
tliereforo to the energies. 

In irregular shaped bodies, such as we have to deal with, the 
easiest way to get at the radius of gyration is to suspend the body on 
ATk axis so that it can swing freely, ascertain the number of beats per 
■ninate, and thence calculate the length of an equivalent pendulum by 
tlie formula 

.^ ^/ 375-36 y 

\No. of single beats per minute/ 

Next ascertain the distance of the centre of gravity from the point 
of sospension, then the radius of gyration (r) is a mean proportional 
l>etween the distance of the centre of gravity from the point of sus- 
pension (o), and the length of the pendnlam (p). 

c : r^sir : p, 
.'. r= y/cxp. 

The two elevating bars in this case weigh 270 lbs. c = 4S'7'\ the bar 
suspended made 47 single beats per minute. 



I 



.-.y' ^?^y= 63-78". 



and /. r"=>/63-78"x48-7" = 55-74"; 

that is to say, the work of rocking the bar may be supposed concen- 
trated at a point 4'* 7* 74'' from the centre about which it turns. The 
total length of the bar is 90'', therefore the equivalent force at the axis 

of the gun will be 

270 X 55-74" 



90" 



.= 167-2 lbs. 



The main arms which carry the gun weigh 952 lbs. each, and are 
6' 6'' long. I had no opportunity of swinging them, and in such case 
it is best to make a wooden model to scale as accurately as possible. I 
have one here ^ full size. Suspended on the centre line of the shaft 
it is keyed on, the model swings 134 single beats per minute ; this 
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corresponds to a pcndalum 7*847''' loug, the centre of gravity is 495'' 
from the centre of suspension, hence the radios of gyration is 6*236", 
or, multiplying by 8 = 50 inches, very nearly, on the actual arm; 
hence the equivalent weight of the two anna at the axis of the gun 
will be 

1,904 lbs. X ^, = 1,221 lbs. 

The total effective weight moving in recoil, supposed ooncentiated 
in the trunnions, is therefore : 

Weight of gun 7,595 lbs. 

Effect of main arms 1,221 „ 

Effect of clevatiug bars . . . 167 „ 

8,983 lbs., 

or 4*01 tons. 

For making the first rough designs, the radius of gyration may be 
taken at two-thirds the length of the levers and bars. 

The maximum velocity of recoil is now easily obtained. Let it be V : 
then 4*01 tonsxV = 88*73 the momentum of discharge .*. V=: 
88-73 



. 



401 



= 2212 feet. 



You observe that 1 equate the momentum, or quantity of motion, 
of the powder and shot to that of the moving parts connected with the 
gun. The reason for this is, that the effect of a force is measured by 
the velocity which it produces per second in a given weight. According 
to the second law of motion, the velocities imparted to a body are in 
proportion to the impressed forces, and if the impressed forces are 
equal, then the velocities attained in the same time will be inversely 
as the weights of the bodies acted upon. 

Now, the powder gases act with the same total pressure, in one 
direction, in expelling the powder and shot, and in the opposite 
direction in pushing back the gun and carriage. The impressed force 
is, in this case, equal in both directions, and acts for the same time; 
but the gun and carriage weigh about 73 times more than the powder 
and shot, and hence the maximum velocity of recoil will be 73 times 
less than the maximum velocity of the projectiles. 

You must not confound energy with quantity of motion, or 
momentum. The unit for the former is the foot pound or foot ton ; 
for the latter it is the unit of weight, or mass of the body mnltiplied 
by the unit of velocity per second ; the two things are not, therefore^ 
comparable. 



The energy of the recoiling mass, which has to be absorbed by 
tte hydro- pneumatic apparatus, is : 



W=: 



401' X 22'12« 
64*4 



= 30-48 foot tons. 



Besides recoiling, the gnn falls, and the energy expended in this 
"^aj mnst also be met by compressing air. The centres of gravity of the 
Beveral moving parts of the carriage fall according to the following table : 



Gun 

Main Arms 
fHarating bars . 
Bun 



FaU 



4' 


6" 


2' 


4" 


2' 


6 J" 


2' 


6^" 



Weight 



7695 lbs. 


1904 


If 


270 


»i 


767 


tf 




34177*6 foot lb«. 
4442-7 
686-8 
1922-8 



If 



ti 



It 



Total ... — 10626 lbs. 

- 18*41 foot tons 
Equivalent to 4*09 tons raised 4' 6" high. 



41228-8 foot lbs. 



Now we have more than 30 foot tons energy in recoil to be utilised 
in overooraing friction, and other losses caused by the fall 6f the gnn ; 
the work of balancing the gan itself requires no expenditure of 
ene r gy, because the fall of the gun would perform work on the air, 
which would be competent to raise it again were there no loss of heat, 
mnd nothing expended in friction. We shall see presently that we have 
an excess of power, and consequently we need not provide air pressure 
enough to do the whole work, but sufficient merely to raise the gun 
smartly, and we may absorb the rest of the energy of the discharge by 
meani of narrow water passages and a loaded valve. 

Let us suppose that the gun is raised in eight seconds, allow one 
second for checking the velocity of rise, this interval will correspond 
to about ^ of the height, so that the gun must rise 4'27 feet in seven 
seecmdB, what will be the accelerating force P 

« « fft* 2S 

BeoaoseBss^ ^^"t*^ 

g = |iii?^' = 1742 feet, 

, ,. . 1742 ft X 409 tons ^oo x 
.'. accelerating force = -— 5 =s -022 tons, 

work of acceleration = 022' x 4*27' = "0945 foot tons. 

Besides the dead weight to be raised and the accelerating force, we 
must provide for friction. By direct experiment, I ascertained that 
when the carriage was freshly put together, and the oil clean and 

B 2 
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flnid, the friction amonnted io 7 per cent, of the work done in raising 
the gnn ; bnt as gnn-carriages stand a long time withont being used, 
and are often allowed to get very dirtj, it will be well to double this 
fignre, and call friction 14 per cent. 

/.work of friction = (18-41 f.t. + -0945 f.t.) -14 =s 2-59 foot tons. 

The total work required to raise the gnn in eight seconds will be : \ 

Work of raising weight .... 18*41 foot tons 
„ ,y acceleration . . . '09 „ 

„ „ friction .... 2*59 „ 



Total 21-09 „ 

We next come to the choice of a hydraulic cylinder of suitable 
size. This depends on the circumstances of the design and theiir 
pressure it is desired to employ. We must first, however, determioe 
the volume of air to be used. Experience has shown that from two to 
three times the volume of the ram, when the gun is up, is a good 
proportion, and in the particular carriage we are considering it is 
2^ times, but the precise relation of the volume of the ram to the 
volume of air depends upon the pressures necessary to support thegon 
in various parts of the stroke. To determine this, we must constrnct 
an indicator diagram of the pressures in the hydraulic cylinder. 

Divide the stroke of the ram into, say, 4 equal parts of 10 incbes 

long each, representing a total stroke of 40 in., corresponding to a Ul 

of the gun of 4*43 fb. ; this will allow a little margin at the end of the 

stroke. Construct a diagram (Plate IV.) which will represent the centre 

lines of the mechanism supporting the gun in the several positions 

corresponding to the five points of the stroke selected, and measure the 

angles a, which the centre line of the main arm makes with the verticali 

and the angles /3, which the ram makes with the line joining the centre 

of the cross-head, with the centre of the rocking shaft of the main arms. 

Then, bearing in mind that the ram is attached half way down the 

main arms, the pressure along the ram at any point will be twice the 

effective weight of the falling parts multiplied by the sine of a and 

divided by sine /3. 

2 X W X sine a 

sme ft 

The total work of the falling parts when the gun fell 4 ft. 6 in. we hafe 

seen was 18*41 foot tons ; hence the effective weight supposed concentrated 

18*41 "• 
at the trunnions will be a.ka = 4*091 tons ; introducing tliia into the 

equation, and doubling on account of leverage, we get the p re ssu fo 
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along ram = ^'^^ ^°^f^^ " -> Calculate this value for each point, 
^^ sine p 



Knd arrange the data in 


the form of a table. 






Points 





1 


2 


3 


4 


Aogles a . 


8«» 80' 


26«» 20' 


42® 40' 


67° 30' 


72° 10' 


Angles 3 . 


49«» 0' 


610 10' 


72° 30' 


86° 30' 


100° 10' 


Strain along ram, tons 


tons 
1-602 


tons 
4142 


tons 
6831 


tons 
6921 


tons 
7909 


Strain due to friction 


•766 


•766 


•766 


•768 


•766 


Strain dne to acceleration . 


— 


•032 


•032 


•032 


•032 


Total strain . 


2-368 


4*940 


6-629 


7-719 


8707 



Next, to ascertain the pressure due to friction, taking the work of 
raising the gun to be 4'09l' x 4*43 ft. = 18*12 foot tons, and the work 
of acceleration at '0945 foot tons, the work of friction will be 

(1812 + -0945) X 14 = 255 foot tons. 

The stroke of the ram is 3*33 ft ; hence the work will be repre- 

2*55 
lented by ^^^ = *766 tons acting during the stroke. 

Mj experiments show that the strain due to friction is nearly con- 
itant throughout ; it is a little more when the gun is down, because 
;he pressure on the leather packing is greater, but the extreme yaria- 
ion is only as 12 to 10*5 ; so we may, without sensible error, take it 
\s constant, and add the amount '766 to each point in the table. 

There is one other item of resistance, which depends entirely upon 
'he Telocity with which the gun is raised, and that is the pressure 
leceesary to drive the water through the narrow pipe from the air 
'^essel into the cylinder. This pipe is 5 ft. long and 1;^ in. diameter. 
The raising yalve is 1 in. diameter. At the rate of 40 in. travel of 
am in 8 seconds, which is 5 in. per second, the speed of the water 
n the pipe will be 28 ft. per second, and in the yalve 43*8 ft., the 
K)lamn of water therefore necessary to produce the velocity of flow, 
knd to overcome friction, will be : 



43*8« . 28« X 5 ft. 



64*4 ' 2500 X 104 ft. 



= 29*75 ft. + 15-08 ft. = 32*83 ft. 



) 
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This column correspondB to a pressure of 14*3 lbs. per square inch 
all over the base of the ram ; hence the work done will be : 

^ 82-51 sq. in. X 14-3 lbs. X 3-33 ft ^ ^.^^ ^^^ ^ 

2240 lbs. 

We shall see presently where this power is to come from. 

Lastly, we have the small quantity represented by the force of 
acceleration, equal to *0945 foot tons in 3 ft. of the stroke of ram 
^ *0315 tons, acting during that portion of the rise of the gun. 

We must now draw a base line (Plate VII.) which shall represent 
the stroke of the ram, erect ordinates at in., 10 in., 20 in., 30 in., and 
40 in., and plot the values we have calculated ; the result will becurres 
which show at any point the pressures necessary to raise the gun. If 
the calculations have been made correctly, then the area of the figore, 
bounded by the curves and the base line, will be equal to the work 
done, estimated in the direct manner ; and it is always well to 
apply this check, in order to make sure of the correctness of tbe 
calculations. 

We shall see, presently, that the curve representing the pressnree 
due to the expansion of the air in raising the gun will be convex io 
the curve we have just drawn, and would touch it near its centre. 

The air-pressure curve must not come below the curve of pressors 
necessary to raise the gun : 1>ecau8e, if it do, the gun will stick when 
it reaches that point. 

We must now proceed to find out what will be the least air 
pressure required when the gun is down in order to raise it. 

Let V = volume of ram at 40 in. stroke. 
Let 2*25 V = volume of air when the gun is up. 
Let X = absolute pressure of air with the gun at any other point. 
Let 6'7 tons be the pressure above the atmosphere along ram 
required at half-stroke. 

The maximum pressure will be rather more than double the pres- 
sure necessary at half-stroke — call it 14 tons — and suppose we wish to 
limit ourselves to 400 lbs. absolute pressure per square inch, then the 

area of the ram should be — ^. — = 78*4 sq. in., or 10 in. diameter. 

This dimension, however, will depend also upon the surroundings of 
the cylinder, and may be increased or diminished to suit the con- 
venience of the design. In the particular carriage we are considering, 
the ram is 10^ in. diameter = 82*51 sq. in. cross section. 

We must never forget, in dealing with gases, that the pressures 
must be referred to absolute vacuum, or 14*7 lbs. per sqaare inch 



\ 
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(low the atmospbere ; hence we mnstadd a base h'ne to our indicator 

agram, 1^!1^^^^^]lI5L}!?i = .54I tons, lower than the atmo- 
'^ ' 2240 lbs. 

)heric line, and refer all the pressnres to that ; conseqaentlj the pressure 

» sustain the gun in the middle of the stroke will be 6*7+ '541 = 

241 tons absolute. 

The air in expanding and raising the gun will fall in pressure 

Mtrlj according to the ordinates of an adiabatio curve, the volume of 

ir at half-stroke will be 1*75 V ; hence, at any other point. 



X' = 7-241 (1^) 1-^8' 



le value of a being 2*25, 2, 1*75, 1*5, and 1*25 at the five points 
lected. 

Having obtained the corresponding values of X, we plot the curve 
* pressures, which jou see just touches the curve representing the 
rain necessary to lift the gun. When, therefore, the gun is down 
r must be pumped in till the pressure stands at 11*68 tons at the 
mperature of the atmosphere. 

Now if the gun is allowed to rise slowly, the pressure will fall 
^cording to the ordinates of an isothermal, and the pressures will be 

(1*25 V \ 
I 
a V y 

id the value so obtained will enable the curve to be traced. 

The pressure, 6*46 tons, gun up, will be that to which the air will 
ittle down after a few minutes when the gun is raised smartly, 
though, at the moment of attaining its highest point, it will be only 
08 tons. When it is fired, compression, along the adiabatic will com- 
ence from 6*46 tons pressure and 

Xj tons absolute = 6*46 f ) 

le values of X2 plotted down will give us the curve, and we find a 
irminal pressure of 14*78 tons. 

In a few minutes afler recoil is over, the heat will be dissipated, and 
le pressure will settle down to the 11 *63 tons we started with. 

Next let us calculate the work done along the two adiabatics. 
he pressures being all measured from absolute zero, we must not 
»rget the work of the atmosphere represented by the volume of the 
tm X the pressure against its end. 

In the indicator diagram this corresponds to the rectangle between 
le absolute zero and the atmospheric line. 

The work of compressing the air, or done by the air in expanding. 
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B represented by the areas of the two figures bounded by the adiabatic 
mryes and the absolute zero line. The work of compressing is eqo&l 

W foot tons = ^ I (:^y-l-l } 

p?here 

Pi Vj _ pressare per sq . i n. x 82* 51 sq. in. x 40 in. X 225 
r-1 2240 X 12 X -408 

Pi vi ^ 6-46' X 40 in. X 225 _ ,,0.7 
y-1 12x408 -^^^^ 

W foot tons = 1187 | (f Jv) ""- 1 } = 3219 foot tons. 

The work against the atmosphere is 

82-51 sq. in. x 147 lbs , x 40 in. , _ , . 

= " 2240 lbs. X 12"i^: = ^'^^ ^^' *^°«- 

Therefore the nett work = 3219 - 1-81 = 30*38 foot tons. 

In expanding and raising the g^n from 11*G3 tons pressare, and 

125 volume to 2*25 volume, the work will be 

^^. ., ll-63'x40in.xl-25 /i /l-25\*») ^ o, « ^^ 
Wfoottons= ^.g^^ |1 - ^— J J-l-81foottons 

= 23-49 foot tons. 

In these two equations you will note that, because of the two points 
from which we start being on the same isothermal, the products of the 
volume into the pressure is constant, and hence the value on the left 
side of the brackets is the same in both cases. 

The difference between the work done in compressing and expand- 
ing=30'38 foot— 2349 foot tons=G*89 foot tons is represented by the 
area of the figure, boanded by the two curves, and is lost at each com- 
plete cycle of operations, the heat dae to compression being dissipated 
in the surrounding space, while, in expanding, the heat from the same 
space is not communicated fast enough to replace that converted into 
the visible energy of raising the gun. This source of loss, added to 
that incurred in the friction of the mechanism, and in producing fluid 
motion, sets a limit to the height from which a given charge will raise a 
gun mounted on the disappearing principle. 

The total work of raising the gun in eight seconds we have seen is 
21*09 foot tons, and the work done in expanding along the adiabatic 
is 23*49 foot tons, leaving an excess of 2*4 foot tons. This excess is the 
power I rely on to overcome the resistance, amounting to 175 foot tons 
due to the rapid flow of water through the valve and pipe connecting 
the air vessel and the cylinder. 

The work to be absorbed in recoil consists of two parts — the falling 
of the gun and the energy of discharge. 



- c 



1 - 



«> 
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The work in the gan falling 4*43 fb. is, we have seen, 18*12 foot tons, 
but only a portion of this reaches the air which is being compressed, 
ftt least 7% is expended in oyercoming friction: so we most take 93%, 
or 16'85 foot tons only, as available. In the same way, of the energy 
of discharge, which we have calculated to be 30*48 foot tons, only 
^0-48 X *93 = 28*35 foot tons will be expended in compressing the air, 
ix^aking altogether 45*2 foot tons. 

The work of compressing the air we have found to be 30*38 foot 
^138| so that a resistance equal to 14*82 foot tons remains to be 
P^^ovided for in the throttling of the water passage and load on the 
'^^ooil valve. 

The recoil valve is 2| inches diameter in the smallest part, and the 
^lear area through it, deductiug the centre boss 1 inch diameter, and 
^■^Y^ wings ^ inch thick each, is 5 square inches. The approach to the 
Y^lve is tolerably gpradual, so that a pretty high co-efficient of 
discharge may be assumed — say, '8. If V = velocity with which the 
^^«iter will rush throagh the valve, and Vi the velocity of the ram, 
*'lien 

V =s ^1 ^ °"'^ ^Q* ^°' -- 20*G3 V 
5 sq. in. x *8 * 

^Dd the height of a column of water corresponding to this velocity 

The pressure in tons along the ram 

P = 82»51 sq.^n^x h X G2^ lbs. ^ .^^^^^ ^^ ^^^^ 
144 sq. in. x 2240 lbs. 

therefore in terms of the velocity of ram 

P = •0159/'H2^yV,» = *10G V,*^. 

We shall see presently that the sum of all the resistances to recoil 
is tolerably uniform throughout the stroke, hence we may assume that 
the motion is uniformly retarded. The path described by the trunnions 
is 7.19 feet long, the initial velocity of recoil we have calculated is 
22*12 feet, hence the time occupied will be 

2S ^ 2x7'19fb. ^ ^.^^ seconds. 
V 22 12 ft. 

Draw a base line equal to the length of trunnion path, and set off 
on it ordinates at the points corresponding to the points 0—4 of 
the stroke. Set off at point 0, 22*12 ft. the initial velocity of recoil. 
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and join the exiremitj with the other end of the path by a diagonal 
line, then erect ordinaten at the other points, and measare their lengths 
np to the diagonal ; these will represent the velocities at each point. 



22.12'' 




PATH OF TRCK2nON& 
1 2 



Yon notice that the spaces between the ordinates are not eqnal, but 
thej each correspond to 10 in. stroke of the ram, hence the veiocitj 
of the ram V j will be fonnd ronghlj by multiplying the speed of tbe 
trunnions by 10 in., and dividing by the corresponding space. 



Points 



Velocity of trunDion 
Velocity of ram V, . 
PresRure on ram, tons 



22- 12' 



16-00' 



902' I 7-36' 



8-63 



673 



I0'6iy 



S-IS* 



2-84 



5'2iy 

2'W 

•716 



In the above table the resalts of the oalcalations are collected, 
inclading the pressares deduced from the equation *106 Y|^ 

Plotting the ordinates so obtained, and drawing the ourvei ^^ 
measure, say 10 ordinates, and obtain a mean pressure acting on ^ 
ram of 3*335 tons, and therefore the work expended in forcing t^ 
water through the valve is 

W = 3-335 X 3J ft. = 11 12 foot tons. 

The recoil valve, however, is not free ; it is loaded bj metss of * 
spiral spring, which, by direct experiment, is found to comp*^ 
-^2 in* under a load of 56 lbs., or 3*35 lbs. for each -^ in. 
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When the valve is closed, the spring is compressed ^ in. or 
-T^ in., so that the load on it will be 8 x 3*35 = 26*8 lbs. 

The valve, as the water rushes through, will probably open till the 
annular opening at the seat is equal to the area of the waterway, which 
ia 5 square inches, hence, the valve, being 3 in. diameter and 9'4 in. 
circumference, if 1 be the lift 

1 = ^'. — - = 0*5 in. very nearly ; 

hence the compression of the spring will be ^f in., and the load 
3-35 X 16 = 53-6 lbs. 

The area of the surface of the valve is about 7 square inches, hence 
the pressure per square inch will be 3*83 lbs. and 7'G6 lbs. respec- 
tively. These pressures will react on the ram, and will amount to 

3-83 lbs. X82-51 sq. in. ^ .^^^ ^^^^ ^^^ .ggg tons respectively. We 

2,240 lbs. ^ ^ 

may suppose that this pressure will diminish uniformly with the 

decrease of velocity, hence the mean pressure will be ^ = 

*211 tons, and the work of forcing the water out against the spring 
will be 

W = -211 X 3^ ft. = 703 foot tons, 

adding this to 11 '12 foot tons due to the velocity of flow, we have a 
total of 11*82 foot tons out of the 14*82 foot tons we require, leaving 
3 foot tons still to be provided. It is probable that the friction of the 
water passing from the cylinder to the air vessel, the eddies which will 
be formed in the irregular shaped passages, and the friction of the 
packing of ram, will absorb the unbalanced energy ; but if they do not, 
a little extra air pressure must be added in the air vessel. From the 
nature of the case, it is impossible to attain greai. accuracy in these 
calculations, more especially as the front end of the whole carriage is 
purposely allowed to rise as much as 6 inches on the vertical com- 
pressors in order to soften the blow on the masonry of the emplace- 
ment. The work expended in this way will be deducted from that 
which the discharge can perform in the cylinder and air vessel. 

Plotting the ordinates due to the head of flow and to the resist- 
ance of the spring on to the adiabatic compression curve (Plate VII.) 
we get a carve attaining to 15*37 tons in the cylinder at the com- 

. - ., ,. . 15-37' X 2240 lbs. .i^-,,, 

mencement of recoil corresponding to = 417*1 lbs. 

oJ'oI 

absolute, or 402*4 lbs. per square inch above the atmosphere ; and, in 
the air vessel, at the end of recoil, 14*921 tons absolute, corre- 
sponding to 404*8 lbs. absolute or 390* 1 above the atmosphere. 
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We can now consider the strains on the several parts of the 

carriage. 

At the commencement of the recoil, we have two forces acting on 

the gan. 

1. Centrifugal force. The effective weight of the moving parts 
concentrated in the trunnions we have taken at 4*01 tons. The main 
levers are C*5 ft. long ; the velocity of recoil is 22*12 ft. Therefore 
the centrifugal pull will be : 

F = tOitonsx 22:^ ^ 9'S74.ions. 
32-2 X 6-5 ft. 

The weight of the gun itself is 3*39 tons, acting almost exactly in the 
opposite direction; hence the unbalanced pall will be 9*374i*— S'Sy 
= 5 98;. 

2. The effect of reaction to the discharge acting tangentially to 
the trunnion path. This cannot be greater than the resistance to the 
descent of the I'am plus the allowance for friction. The effect pro- 
duced by the weight of the gun itself is neutralised by centrifngal 
force. The pressure along the ram capable of being transferred to the 

trunnion path we find from the indicator diagram to be : 

i5.37_.54 

— = 10 tons. 

•93 * 

16* 
and the value at trunnion = — x sine 49® = 6*04 tons. 

The tendency of this force is to turn the carriage over on the rear 
trucks, the gun is 10*8 ft. above the racer ; hence the taming moment 
is nearly 108 ft. x 6*4* = 652 foot tons. 

The pull of centrifugal force is applied 8*5 ft. from the rear tracks; 

its moment =: 5*98 x 8*5 = 50*83 foot tons, making a total over-aetting 

moment of 116 foot tons. The weight of the carriage is 4*38 ions, and 

its centre of gravity is about 6 ft. from the rear tracks; its moment 

is, therefore, 26*28 foot tons acting on the opposite direction, leaving 

89*72 foot tons to be met by some mode of secnring the carriage to the 

masonry of the emplacement. If this be at the centre pivot, 4*5 ft. from 

89*72 ft 
the trucks, the upward pull will be nearly ,^ = 20 tons ; if in 

4*5 

the front of the carriage, 10 ft. from the tracks, the pnll*iip will be 

89*72 ft 

' iOft ' ^ ^ ^^^^ nearly. In addition to the vertical pall, a shearing 

stress of 604 tons on the pivot must be provided for. At the end of 
the recoil, just as the motion ceases, centrifagral force also oeases lo 
act, and the weight of the gan, falling inside the base, hdps to keep 
down the carriage. The npward push of the ram is 14'S8 tons, to 
whicl* m*jst be added *07 of friction, making 15*89 tons in all; bat of 
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thifl pressure 7*009 tons, less '07 of friction, is employed in balancing 
the weight of the falling parts, leaving 7*909 — *554 = 7*355 tons to be 
deducted ; this leaves 15*39 — 7*355 = 8*04 tons acting along ram 
representing the reaction to the external work of recoil. 

The effect along trunnion paths =3*95 tons, and the 

horizontal component is=3'95 sine 17^*50=1*21 tons. This force is 
applied 6 fb. 3^ in. above the racers, hence its effect on the carriage 
will be much less than the corresponding effort at the commence- 
ment of recoil ; we may therefore confine our attention exclusively 
to that. 

Constmcting a parallelogram representing the two forces acting at 
the trunnions at the commencement of recoil, we find the diagonal 
which represents the resultant inclined to the rear at an angle of about 
45% hence the bearings in the arms for the trunnions should be open 
to the front, and the cap squares should be arranged so as to cramp 
the two sides of the bearings to each other and prevent the outer 
portion being broken off. In the carriage we are considering, the cap 
square is hinged at one side and is secured to the other, which it dips, 
by a stud and key, the latter being attached by a strong chain to the 
arm. This arrangement is made to avoid loose pieces, which easily get 
lost or misplaced. 

The resultant force at the end of recoil is nearly at right angles to 
the arm, hence the strain will, in no part of the recoil, come on the cap 
squares. 

The strain tending to break the arms transversely is easily calcu- 
lated. 

The pressure along the ram is about the same at the beginning and 
end of recoily but in the latter case the ram is nearly at right angles to 
the arms, hence the resultant pressure at right angles is greater, and 
is composed of the total pressure along the ram, plus 7 per cent, fric- 
tion =: (14*92— '54) x 1*07 = 15*39 tons; we may therefore consider 
the arms as a pair of girders 6 ft. 6 in. span, loaded with 15*39 tons 
in the centre, and calculate the section of metal necessary by the usual 
rules. 

The maximum pressure in the cylinder per square inch will be at 

the commencement of rec6il,and will=^ ^^r^ ^ =402*6 lbs. ; 

82*51 sq. m. * 

hence the tension per inch long of each side, the diameter being 11 in., 

will be 402*6 Ibi. X 5*5 in. = 2214 lbs., or nearly one ton. If the 

material be cast iron, we should allow a factor of safety of ten on 

account of the sudden shook, and assuming eight tons per sq. inch 
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to be the altimate strength of cast iron, we have the thickn^ 
^ V X 10 ^2^ in Tj,3 cylinder was actually tested to 1200 lbs. f^^ 

square inch for several hours. It should be noted, that in all tesfc^ ^ 
this kind, time is an important element, therefore tests should 
applied continuously for three or four hours at least. 

The trunnions of the cylinder have to carry the same load as 
arms, plus the weight of cylinder, ram, air vessel, and water, amoantii 
to 1^ tons, hence the total strain is 15 '39' +1 '25'= 16*64 tons, or 8* 
tons on each trunnion. The dimensions are settled by the diamete^^'^ 
required to contain the elevating valve, the thickness of metal must" ^ 
approximate to that of the rest of the cylinder, so that an immeus^^ 
excess of strength is necessarily obtained. In addition, a rib on 
side extends over the trunnion, giving it great support. 

This excess of strength is necessary to guard against the blow 
caused by the gun striking the buffers, which are placed on the top of 
the cylinder, if the air pressure is allowed to get too low. 

The air vessel is of mild steel, it is 16 in. internal diameter. The 

maximum pressure per square inch will be at the end of recoil, and 

.„ ,, (14-78'- -64)' X 2240 qqa.^ lu 

will amount to ^ ^^r. ^-^ . - ==ood*o lbs. per sq. in. 

82ol sq. m, ^ 

The strain on sides of air vessel=386*6 x 8 in. = 3093 lbs., a factor 

of safety of 5 will be ample, and the ultimate strength of the steel may 

be taken at 28 tons per square inch, therefore ihe thickness of the 

•J -11 u 3093 lbs. X 5 OK • I. 
sides will be-— — —___—_= -25 inch. 

28' X 2244 lbs. 

This thickness would be too little to resist external violence, suob as 
a gun carriage is liable to, hence the thickness was increased to ^ inch. 
It is, of course, very important that the cylinder, ram, and air vessel 
shall be absolutely air and water-tight ; gpreat care must tiierefore be 
used in manofacfcure. 

All castings are very liable to have porous places, especiallj where 
the continuity of surface is interrupted by ribs or branches. Water 
and air under high pressures will oose through snofa places. If the 
cylinder be of cast iron, and the defect be not very serious, the leakage 
can be stopped by forcing in a weak solution of sal ammouiao, and then 
allowing the casting to stand for a day or two. K any very pro- 
nounced leak shows itself, a hole may be drilled, tapped, and filled with 
a tight-fitting screw plug. It is often very desirable to driU a hole in 
a suspicious place, because it enables the real condition of the metal 
to be ascertained. Leaks often occur by the side of * chapletsiy' or the 
wrought-iron supports inserted in the mould to cany the oaresi. These 
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l^^ks can often be stopped by riveting over the end of the chaplet, or, 
^ obstinate, bj drilling it out and closing the hole bj a screw plag. 
Similar difficnlties occur with gun- metal and steel cylinders, and mast 
^^ met in the same way when not safficiently serions to condemn the 
<ia«ting altogether. 

The next strain to consider is that on the elevating bars. The 
^^^niage is arranged to give an elevation of 15^ and a depression of 
^O^, the loading being done at a depression of 5**. If the gun happens 
't^ be fired at this depression of 5°, it will recoil parallel to itself, and 
^liere will be no strain on the elevating bars beyond that dae to the 
^^ction of the tmnnions. 

The gan weighs 3*39 tons, the trunnions are 8 in. diameter, the 

elevating bars are attached 2 ft. 8 in. from the centre of the trunnions, 

'We may take the coefficient of friction at '14, therefore the force 

ticmgential to the tmnnions will be 3*39x'14 = *48 tons, acting at 

iilie end of an arm 4 ins. long, and counteracted by the radius bars 

*48 yc 4 ins 

^t 32 ins., hence the pressure on the bars will be — ^^^r-. 'ss'OG tons 

32 ms. 

or 134 lbs. When^ however, the gun has to turn on its trunnions, a 

£9rce sufficient to produce the motion must be exerted. Recoil is 

composed of two periods. The first, occupying very little time and 

space, in which the moving parts attain their maximum velocity, and 

the second when the energy, represented by the weight and velocity, 

are gradually absorbed. 

According to the first law of motion, acceleration of velocity can 

only take place by the action of an impressed force. The moment the 

force ceases to act, motion continues to be uniform, unless arrested 

by some other force. 

Now the only force acting on the gun is the pressure against the 

base of the bore ; this lasts only so long as the shot and gases are 

being expelled ; hence, if we know the time which this occupies, we 

know also the time in which the full velocity of recoil is attained. 

We do not, at present, know the laws which govern the discharge 

of canon — and by discharge, I mean not of the shot only, but of the 

powder gases as well ; hence I must make an assumption, and suppose 

that the motion of the matters ejected is uniformly accelerated like 

the motion produced by gravity, and therefore produced by the action 

of a uniform force, which may be taken as the mean pressure on the 

base of the bore. The terminal velocity of the shot we know to be 

1460 ft per second, and the space passed over is 6*3 ft., hence, 

Q ^v , 2« 2x6-3 ft , „^^^^A 
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the gaseR follow tbo shot, and take an appreciable time to get oat. Lei 
ns add 50 % to the time for this pnrpose, the discharge will therefore 
take place in ^^ of a second. 

The work to be done is to overcome the inertia of the gnn taming 
aboat its tmnnions. To ascertain this, we mnst first find the ndini 
of gyration, which gives the circle in which the mean energy of the 

resistance is concentrated. The energy of each particle of Uie gun is 

W . 

=^— v^'j2 g \B a constant, the velocity v varies as the radios or tlie 

distance of the particle from the centre of the tmnnions ; the weight of 
each particle is, in a body of uniform density, proportioned to iii 
volume ; call this volume c, and we have the energy of each pariick 
proportional to c r*. 

Make an accurate drawing of the gun, and divide it into a number 
of sections, say about 6 in. long, to right and left of the trannioiUi 
ascertain the volume of each section, and the distance of its centre 
from the centre of the trunnion, and then calculate the value of c r* 
for each section, and arrange the results in a tbaular form, gifing 
c and c r^ separately. Next add the columns c and c f^ respectiTelyi 
then dividing c r^ by c and extracting the square root, we get tlie 
mean value of r, which will be the radius of gyration. I htte 
thus divided the rear end of the gun into nine sections, and the 
muzzle end thirteen ; the sum of the columns is as follows : — 

c cr^ 

Rear half . . 14790 c i 7761929 
Muzzle half . . 12221 c i 11122571 

27011 c t 18884500 



radius of gyration = ^ — =26*44 in., corresponding to a drde 

whose circumference is 13*84 fb. 

When fired at the extreme elevation of 15^, the gun in recoiling 
describes an angle of 20°, or ^^^th of a circle, by the time it reaches 
the loading position, hence the space passed through by the oirde of 

gyration will be --_—=• 77 fb., and this occurs in '65 second, henoe, 

lo 

if the motion is uniformly retarded the maximum velocity mnst be 

23 2 X -77 ft. oQ"?^ J 

V == --= ^ ^ — =2-37 ft. per second. 
t 'ho it. 

This velocity is got up during the time in which the shot and gases 
are being ejected. We have estimated it at -7^ second; henoe the 
velocity of acceleration, corresponding to <;r in gravity, is 

^«^2|37ft.^2.3j, ^ yg in.=:i84-8 ft. per second ; 
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the accelerating force therefore, the weight of the gun being 3*39 tons, 

3-39* X 184-8 ft. .Q.J.. ^ 

= 32:2ft =1^'^ ^^^ ^*^K 

ai the circle of gyration, whose radias is 26*44 in. The elevating 
bars are pivoted 32 in. from the centre of the trnnnions, hence the 

on them wm= l^'^^ ^6'^ '°- = 1608 tons, 

32 in. 

Resistance dne to frictions -06 



Total strain 1614 tons ; 
so that each bar will have a momentary strain of a little over 8 tons 
lOi^ndure. In some cases this strain may have to be resolved, if the 
,0lAV]ating bara are not pretty nearly at right angles to the gnn. The 
.fvi^fyDdiiig force arresting the rotatory motion is mnch smaller, on 
jiooonnt of the longer time daring which retardation acts, bnt the 
.portion of the bars becomes less and less advantageons, so that the 
yejolved force may be considerable. It can be calculated in the 
pander I have indicated for the accelerating force. The shock on 
:the bars and pivots at the commencement of recoil is severe ; to soften 
it three or four thicknesses of leather are introdnced between the 
bottoms of the brasses and the ends of the elevating bars. When the 
gun is fired, with its maximum depression of 7°, it has to tnrn in the 
opposite direction to attain the loading position, bnt the arc is only 2^ ; 
the strain is a tensional one and much less severe. 

The elevating bars should be made much heavier than is necessary, 
to resist the strains passing through them, because their upper ends 
are exposed to machine gun fire, and the fragments of shells, when 
.the gun is in the firing position ; and, moreover, one elevating bar 
flbonld be competent to carry the whole strain in the event of the 
other being disabled. 

The nuaximam strain along the elevatiug bars being known, the 
tSesaltant pressures along the slides and elevating screws at their 
flowjar end are easily calculated. The elevating screws must be made 
strong enough to carry the strain we have calculated, but the hand 

• gp^ar for turning them needs, obviously, to be only soflSoiently powerful 

• to. overcome friction and the weight of the elevating bars. 

I have now indicated the way in which the strains in a hydro- 
.ju^eamatio carriage for disappearing guns are arrived at. Our ignorance 
of what takes place in the bore of a gun during discharge precludes 
.•%ny great acccuracy being attained; but still, on the assnmptiou 
:which I have made, and with a good factor of safety, carriages for any 
^UEsd guns may be designed with confidence. 

It is necessary to be able to lower the gun from the firing into the 
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loading position witboat discharging ii. For the smaller calibres ' 
this is most readily done by a rope, or chain and winch. 

In the service siege carriages for the 6'6 in. M.L.R.Gr., a rope is 
carried ronnd a system of pulleys, attached to the cylinders and ram, 
and then wound ronnd a winch operated by capstan bars. In the 
carriage which we have been discussing in detail, a single chain is 
attached to one of the arms, is then led over a pulley in the rear cross- 
frame of the carriage, and thence conveyed to a winch in the front 
part of the framing, operated by a pair of handles projecting on each 
side. This arrangement gives better cover to the men than they 
would have in the rear of the gun. 

In carriages for larger guns the best plan is to arrange an ordinary 
hand pump, by means of which the water can be pumped from beneath 
the plunger into the air vessel beyond the recoil valve. The size of 
pump will depend upon the number of men available for pumping, or 
the time in which it is desired to lower the gun. The work to be 
done is represented by the area of the figure between the isothermal 
curve and that representing the pressure necessary to support the 
gun throughout the stroke, after deducting 7 per cent, for friction. A 
man working at a winch handle will exert about 18 lbs. average pres- 
sure, at a rate of 5 feet per second, and keep up the effort for a 
considerable time — say ten minutes at a stretch. 

If ever Moucriefi* carriages are applied to large g^ns in batteries, 
with mechanical appliances for loading, the work of hauling down and 
pumping in air will be done by power. The steam or other engine 
and pumps will be placed in a bomb proof, from which water and air 
mains will be laid through the battery, and branches will be taken off 
to each gun. The pipes may be ari*anged to pass through the centre 
pivot, so that the traversing of the carriage will not affect them. 

To lower the gun, the water from under the ram will be allowed to 
run to waste, and this should be done through a gauge vessel — such, 
for example, as I have contrived — for the purpose of restoring the 
proper quantity of water from the pressure main to the air vessel. 
This apparatus (Plate YIII.) consists of a cylindrical vessel, fitted 
with a free water-tight piston (n), of such volume that the fall stroke 
of the piston displaces a little more than the volume of the ram. One 
end of the vessel is connected to the cylinder of the gun-carriage 
by means of a pipe (b), fitted with a self-acting Yalre opening Jrom 
the cylinder, and communicates also with the water space of the 
air vessel by means of a pipe (t) fitted with an antomaidc yalve (u) 
opening towards the air vessel. The opposite end is connected to 
the pressure main (p), and to exhaust by means of a two-way slide 
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▼e (o). When it is desired to lower the gun, either from the 

iDg position or from the point to which it has recoiled, in order 

hring it down to the exact loading position, the slide valye 

poshed over, so that the water in the gaoge vessel may escape 

^^in the pressure side of the piston, and then, the cock between 

^lie cylinder and the gauge apparatus being open, the weight of 

^lie gun forces the water out from under the ram into the othet 

^md of fcho gauge vessel, and its piston is forced back by just' th»' 

^frmoont of water driven out by the fall of the gun. As soon as 

"^Ae gun has been lowered, the slide valve is reversed ; the pressure 

^nom the main is thereby turned on, and, acting through the free 

piston on the water which had escaped from under the ram, forces 

'^t through the automatic valve into the air vessel, thus restoring. 

t;he proper relations between the volume of air and water, without the 

Tieoessity of gauging it in any manner. 

A certain amount of water is, of course wasted, at every operation ; 
\>ut there is nothing to prevent it from being collected and conducted 
to a cistern, from which it could be pumped into the pressure main 
again. Such a provision may be necessary in cold climates, where 
glycerine has to be mixed with the water to keep it from freezing. 

To supply air under the required pressure, a double-acting hand- 
pump (Plate IX.) is used. It consists of a small iron box secured to a 
short plank, and fitted with a pair of pump barrels, actuated by a 
"P-shaped lever, which is operated by two or more men standing on 
the ends of the plank. The pump barrels, which are S^ in. and Ij^ in. 
diameter respectively by 3 in. stroke, are so disposed that their 
plungera move in opposite directions. The volume of the larger 
cylinder is four times that of the smaller one, so that at the end of a 
double stroke the large cylinder full of air is compressed to one-fourth 
its bulk, and therefore raised to four atmospheres pressure. The next 
half-stroke completes the compression in, and expels the contents of, 
the smaller cylinder. 

The cylinders are surrounded by water, so that the temperature of 
the air does not rise much, and the pressures follow nearly the 
ordinates of an isothermal curve. The object of dividing the work of 
compression between two cylinders, instead of completing it at once 
iu one, is that the clearances at the ends of the cylinder, which must of 
necessity exist, would contain sufficient air at high pressure to fill a 
groat part of the cylinder by its re-expansion on the inlet-stroke, and 
80 prevent the entrance of anything like a cylinder full of air at each 
stroke. By dividing the work, the pressure in the large cylinder is 
limited to four atmospheres, and in the small one, whatever tuay be 



268 

the ultimate pressure, the xninimTim is alwajs four atmospheres, into 
which the air in the clearance must expand, instead of expanding into 
the volume due to atmospheric pressore. There is, of course, also the 
convenience of distributing the strains more evenly. In using air- 
pumps, which do not make a positive stroke such as is produced by a 
crank, care mnst be taken always to rock the lever over to the stops ; 
if this is neglected, the full amount of air is not pressed ont, and its 
re-expansion interferes with the quantity of treek air taken in. 

The following is the time actually occupied in charging the carriage 
which I have described with these pumps. Four men, working in 
relays of two each, at from 52 to 56 double strokes per minute, raised 
the pressure in the air space, measuring 27 gallons, from the atmo- 
spheric pressure, to 175 lbs. above the atmospere, in 1 hour and 6 
minutes. 

Attached to the carriage is a small differential air-pnmp, constructed 
on the same principle as the larger pump I have described, but the 
small cylinder is represented by the plunger piston-rod 1^ in. diameter, 
working in a cylinder 1^ in. diameter and 12 in. stroke. The plunger 
is actuated directly by a cross handle. In the up-stroke the air in the 
annular space above the piston is forced out into the air vessel, and a 
cylinder fall of air at atmospheric pressure is drawn in. In the down- 
stroke, this charge of air is forced into the annular space above the 
piston, whereby it is reduced to about one-fourth the volume and 
increased to four times the pressure. This pump is intended to make 
good any slight leakage. Two men working in relay at about 34 
double strokes per minute, raised the pressors of 27 gallons of air from 
160 lbs. above the atmosphere to 170 lbs. in 8 minates. Both pomps 
can be used for pumping water into the air vessel, by allowing a little 
to flow into the pump at each stroke from a small reservoir provided 
for the purpose ; but in large carriages it will be better to provide a 
special water pump, which need only be of very small capacity. 

For getting the carriage ready for action, two plug^ are provided 
in the air vessel— one ii^ the top, throogh which water can be poored 
in, and one at the side, at the proper level at which the waUnr ought to 
stand when the gun is quite down. There is also a screw plug, jost 
under the neck leather, in the highest part of the cylinder, for the 
purpose of letting all the air out of it. The gun being down, perfectly 
clean water is poured into the air vessel, until it flows out at the lower 
plog hole ; the plogs are screwed home, and air is pumped in till the 
required pressure, gon down, is reeohed. This is ascertained by means 
of an ordinary pressure gaoge, which should have been verified by 
some standard gaoge, because all Bourdon gauges are very inaooorate. 
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and soon get oat of order. When the desired pressure is reached, the 
gnn should be raised by opening the lifting valve, whinh allows the 
water to flow from the air vessel into the cylinder, and after a few 
ininntes the ping under the neck of the cylinder should be slackened 
back, and all air allowed to escape. When this has been done, the 
gon should be hauled down and raised again a couple of times, so as 
to get all the air that may be lurking about into the top of the cylinder; 
the plug should be again tried, and if solid water comes out, then the 
cylinder may be considered as fully oharg^. 

Glass gauges for ascertaining the water level are much too delicate 
appliances for war purposes, so the water level, after the first charging, 
must be inferred from the pressures. 

The volume of air, gan up, is 2^ times that of the ram, and gun 
down, 1^ times ; therefore — 

p 1-26 

jp] and p being in absolute pressures ; but the readings of the gauge 
are always above the atmosphere, hence we must add 14*7 lbs. to each, 
and taking p^ and p now as readings above the atmosphere, 

147+i>,= 1-8 (U7+|>), 

.-. j)i •*"^* •*"*"- = 11-76 + l-8j) •***• '*™** 

If the pressure, gun down, should be more than the calculated 
amount, it means that the volume of air is less than 1*25 v, there is 
therefore too much water, and some should be let out. If the pressure 
is less, then the contrary course should be pursued. 

For obtaining quickly the pressures, gun down, corresponding to a 
given pressure, g^n up, the formula is put in the form of a scale, which 
may be engraved on a plat-e and attached to the carriage. (Plate X.) 

The abscissiB represent the pressure, gun up ; while the ordinates 
give the corresponding pressures, g^n down, when the quantity of 
water is right. If the pressures fall outside the diagonal, there is too 
much water ; if inside, there is too little. 

When a carriage of a new pattern is first used, the maximum 
charge of powder and shot must be reached by degrees, because of our 
ignorance of even the approximate value of the energy of discharge. 

Once a carriage is in good working order, the time the gun takes to 
rise into the firing position should be noted : this will form an excellent 
guide as to the state of the air pressure. 

The result of the trials made at Shoeburyness justify the calculations 
which I have laid before you. 
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With the pressures and volumes indicated in the diagram, the 
recoil produced by 42 rounds, ranged from 36 inches to 38 inches ont 
of 40 inches, or from 90 to 95 per cent, of the expected amount. The 
muzzle velocities of the shot, however, were about 15 ft. per second 
lower than was expected, and would cause a loss of energy amounting 
to 2 per cent. 

The front part of the carriage rose 2^ inches at each discharge, the 
motions being very free from shock or blow, either in the upward or 
downward movement 

The gun rose in 10 to 11 seconds from the loading to ihe firing 
position; the computed time was eight seconds, but the carriage seemed 
to work more and more easily as the trials went on, and I hayo little 
doubt but that in regular work, and with full muzzle velocity, that the 
results arrived at by calculations would be very nearly attained. 

In the year 1878 I had the honour of delivering a course of lectures 
in this theatre on hydraulic machinery. You will find, in those lectures, 
drawings and descriptions of ihe various forms of leather packing, 
stuffing boxes, pipe joints, cocks and valves for high pressures. I will 
therefore not take up your time in describing them again. I have 
here some varieties of leather packings, together with one of the moulds 
used for making them. The leather used should be the bestaiid closest 
that can be procured, dressed with oil or tallow, which is done by 
rubbing those substances in with a stick, after the tanning it completed. 
The leather, before it is pressed, is soaked in cold water for about 
12 hours, then pressed into the mould, where it is left for 12 hours 
more ; it is then taken out, the surplus leather cut ofiT, dried a little, 
replaced in the mould for a couple of hours, after which it is taken out 
and finally trimmed to the exact shape. 

With respect to the use of leather or hemp packing in gun 
carriages, I should recommend, for home stations, or wherever good 
leather can be readily got, that leather packing should be adopted, 
because, when good, they keep absolutely tight under the heaviest 
pressures, and the friction caused by them, being in proportion to the 
pressure, is less than the friction of hemp packed glands. But in out- 
of-the-way stations, where good leather cannot be got, I would reoom- 
mend the carriages to be made with hemp packings — at any rate, in the 
larger sizes. When leather is used, a complete set of moulds should be 
supplied to each carriage or to each battery. 

I do not think it necessary to describe the traversing and mirror 
sighting arrangements, because these are common to all carriages. 

I must say a few words about the care of modem guns and oarriages. 
There is a belief abroad among military men, that material of war 



271 

mast be able to stand any amonnt of bad weather and rough usage, 
and such, no doubt, is the case in active service. Bat in times of 
peace, and even during the intervals of inactivity in war, it is absolutely 
neoessary that the complicated guns and carriages now in nse should 
be protected fi*om the weather, shonld be kept clean, and worked now 
and then, a little fresh oil being added to the bearings, in order to 
prevent the working surfaces becoming clogged. 

In olden days, a cast-iron smooth-bore gun, monnted on a wooden 
carriage, with wooden elevating qaoins, was not much injured by 
exposure to weather, and even by the rain making its way through the 
vent and slowly eroding a channel for itself along the bore ; but modem 
^ns, especially breechloaders and their carriages, will not continue 
efficient nndcr snch treatment. I advocate the use of wooden or iron 
booses, made np in panels, arranged to be easily taken asunder, which 
could be placed round and over the gans, leaving sufficient room for 
supervision and occasional oiling. The carriages, if not required for 
drill or training purposes, should have all their packings removed, the 
-water drained ofP, and the working parts exposed to it dried as well as 
possible and oiled. The leathers should be kept like harness, and 
dressed with oil now and then. If the guns are required occasionally, 
they should never be allowed to stand more than a month without 
being moved a little, and left standing in different positions; otherwise 
the neck leathers and glands will corrode and indent the places they 
bear against. As many of the parts as possible should be painted ; 
bright work is quite out of place in gun carriages. The most suitable 
oil to use is the best quality of Rangoon : it is a mineral oil, free from 
acids, and does not corrode, dry, or clog. Mr Willmott, one of the 
Engineers of the Post Office Telegraphs, made, a few years ago, some 
careful experiments on the relative value of oils for lubricating tele- 
gitkph instruments, and found Rangoon to be best in every way. I 
have since used it for my turning lathe, which often stands for months 
without being worked, yet, when I require to use it, I find it always 
quite free, and running as lightly as if it had been newly cleaned. 
With respect of the cistern and pipes connected with a battery, it is 
important that they should be made of materials that do not scale from 
the effects of rust, and the pipes should always bo kept full of water 
and so laid that the water could never run out, even partially. Any 
material commonly used in pipes will remain free from rust under 
Buch conditions. The cistern, in which the water level necessarily 
varies, should be lined with lead or copper. The reason for these pre- 
cautions is that minute pieces of scale, which drop off from exposed sur- 
faces, are apt to get under the valves and prevent their closing tightly. 



I should recommend lead to be need for low pressaro pipes, 
copper or cast-iron for pressure pipes, and this is especiallj important 
where the guns are rarely used and the pipes are laid under gronnd. 

I will conclude mj lecture by relating the history of the g^n- 
oarriage which I have described in so much detail, and I do so because 
it will serve as a warning against jumping too readily to the oonclusion 
that, because experience happens to agree with theory, that, therefore, 
the theory is correct. The carriage is, in one sense, an unfortunate 
one, but in another it deserves the highest respect, because it has led 
to investigations which I trust will end in the determination of the law 
of discharge of cannon and the true pressures in their bores. 

When the first Moncrieff hydro-pneumatic siege carriages were 
designed, I accepted the received mode of calculating the energy of 
discharge ; I added half the weight of the powder to that of the shot, 
and supposed both ejected with the same velocity. I then assumed 
that the work of compressing the air would be 86 per oent. of the 
energy so estimated, and calculated the air pressures accordingly. On 
trial the result justified my calculations in a remarkable manner, and 
I felt quite satisfied that I had got to ihe bottom of the theory of 
hydro-pneumatic carriages. 

In 1883 the Ordnance Committee desired to get a carriage of the 
same kind for permanent emplacements, but of as cheap a pattern as 
jiossible. I accordingly, with the utmost confidence, undertook the 
design and construction of the carriage which has been the subject of 
our invesHgatioD. I had not the least fear as to the result, and idlowed 
it to be tried while I was abroad. It broke down; one of the trunnions 
of the cylinder was knocked off. The accident was attributed to a 
faulty casting; a new cylinder was made, and that also failed. Various 
theories were propounded to account for the failure, such as : want of 
water in the cylinder, error of pressure-gauge, Ac. The trials with 
third cylinder I witnessed myself, and, to my surprise, found that the 
calculated air pressure was not nearly sufficient, and had to be greatly 
increased. The cylinder stood very well, but the strain tending to 
turn the whole carriage over on the rear trucks was so great that the 
pivot plate and disc springs were broken. I was fortunately able to 
get the pressures due to the last shot fired, which was under a full 
charge, and to calculate, from that, the work of discharge, which, to my 
surprise, I found to be very much greater than could be aooonnted for 
by the received mode of calculation, and the ascertained munle velocity 
of the shot. The late Captain Goold Adams, B.A. (in mentioning 
whose name I cannot refrain from adding my tribute of regret that an 
officer of such ability, such unwearied energy, and such kindliness of 
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manner, should have been lost to the seryice in so terrible a manner) 
assured me that there could be no mistake as to the velocity of the 
shot, and attributed the failure to want of air pressure. 

He had found, he stated, in some recent trials at Ljdd, that 700 lbs. 
per square inch was required in the siege-gun carriage to control the 
recoil ; jet in the exhaustive trials at Shoeburjness 500 lbs. had been 
sufficient under exactly the same conditious. It struck me then that 
the apparent increase of energy might be due to the carriage having 
been more securely anchored, and, on inquiry, I found that Captain 
Goold Adams had used, instead of the siugle diagonal anchorage, a 
compound one, consisting of vertical and horizontal members, fitted 
with right and left hand screws, which had enabled him to secure the 
carriage immovably: whereas at Woolwich and Shoeburyness the 
carriage used to jump a couple of inches, and recoil six or seven. This 
movement of the whole carriage which I had neglected and thought 
of no consequence, really absorbed a large portion of the energy of 
recoil. 

In the permanent carriage, the attachment to the masonry is still 
more rigid, and hence the violence of the action. These circumstances 
set me to investigate the law of discharge, and resulted in the mode of 
calculation which I have laid before you, and which was submitted to 
the Ordnance Committee last June. 

In investigating the properties of powder, I had occasion to examine 
Captain Noble's experiments with crusher gauges and chronograph, 
and found that he had fallen into an error similar to mine — that is, he 
had found, as I have already stated, that pressures indicated by crusher 
gauges agreed in a remarkable manner with pressures calculated from 
the rate of acceleration of the shot ascertained by the chronograph ; 
hence it has been concluded that the indications of crusher gauges are 
accurate. But, besides the work of expelling the shot, there is that 
required to expel the powder gases, to displace the air, to overcome 
friction of gases and gas checks, to rotate the shot and to stretch the 
gun, all of which I estimate amount to at least 40 % of the work of 
expelling the shot only, and hence the indication of the crusher gauges 
must be erroneous to that extent. 

The whole subject is beset with difficulties ; but yet is so important 
that the War Office ought to set the ablest men in the service, and 
furnish thein vnth adequate means, to investigate and get to the bottom 
of the matter. 

The cost of hydro- pneumatic carriages ranges from £900 for the 
(j'Q" B.L.G. to £6,700 for the 10" B.L.G. 

The opponents of the Moncrieff system allege that the excessive 
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cost of the carriages is a bar to the introduction of the disappetriag 
principle. It is hardly necesary to point oat that comparisons, to be fuTt 
must embrace the whole cost of the battery. But first it must lie 
shown that the batteries are equally efficient. Now the Monoriei 
system depends for protection on an earth bank, abont the efficieocjf 
of which there can be no question at all, and moreover upon benf 
perpetually masked — that is to say, if the battery is properly laid (Mi, 
there should be nothing in the landscape to indicate the position of ttl 
guns. 

The works connected with the emplacements are of the simfM 
and cheapest description. In any other system of fortification, we 
still in ignorance of the power of resistance of armour-plated 
brasures or revolving turrets. The probability is that under the fire rf 
heavy guns their endurance will prove very indifferent, especially •■ 
they afford a conspicuous mark to the enemy's fire ; but still, allowuf 
that a Moncriefi* battery and an iron-plated fort are equally v^ * 
protect^ed, the comparison should be made between the complete woibi 
including guns, carriages, machinery, &c., and it will then be foani 
that the Moncriefi* system is the cheapest. 

I- do not expect that you have been able to follow me through di* 
intricate investigation I have laid before you. It has cost me years of 
thought, of persistent labour, and of costly experience, to work out tfc» 
subject ; but when the lecture comes to be printed in the admiitUB 
establishment attached to this school, I hope that by careful study yoi 
will be able to master the difficulties. I havee ndeavonred to co^ 
municate all I know myself ; and if any points still remain obscure I - 
shall be glad to do my best to make them clear. 
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THE LYDD EXPERIMENTS OF 1884. 

A Critique by Captain G. S. Clarke, R.E. 



Far too little is known by the Corps at large of the valuable experi- 
ments annually carried oat ut Lydd and elsewhere. The tendency 
of late years has been towards a more liberal experimental expenditure ; 
but the practical use of experiments is much restricted by the 
fact that comparatively few officers ever have the opportunity of 
learning their nature and results. The greater number of minds 
that can be brought to boar on all questions of forti6cation, the better 
ordered our progress will be, and the less the chance of those ill- 
considered decisions which our successors would excusably curse. We 
need above everything some means of discussion, failing which there 
is no sufficient guarantee that the results obtained by experiment and 
the teaching gained in the field will be properly applied in future 
practice. 

It is proposed, therefore, to give a short resume of the Lydd experi- 
ments of last year, with certain deductions open to question and 
criticism. 

The' following were the principal points to the determination of 
which these experiments were directed : — 

1 . Penetration and effect on parallels and approaches — 6-in. B.L., 
5.in. B.L., 12-pr. B.L., and 6-pr. Hotchkiss quick-firing g^ns. 

2. Efiect of field, quick-firing, and machine guns on saps — 12-pr. 
6.L., 6.pr. Hotchkiss, 8.pr. Hotchkiss, l-in. Nordenfelt, 0*45.in. Gatling. 

3. Security of field magazines against 8- in. M.L. 70 cwt. howitxer. 

4. Efiect of curved fire with reduced charges against a concealed 
object — 6-in. B.L. gun. 

5. Effect of gradual earth slopes in deflecting projectiles — slopes, 
15°, 8*; 6-in. B.L. gun, 8.iu. 70 cwt. howitzer. 

6. Number of rounds required to dismount a hidden gun on an 
overbank carriage at 2,400 yards range — G-in. B.L., 5-in. B.L., 6'6-in. 
M.L. guns, 8- in. 70 cwt. howitzer. 

The whole of the experiments were carried out against parapets 
composed of clay, always admitted to be the worst material for 
resisting penetration and shell-action. All the breaching experiments. 
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therefore, require oonsiderltble correction. Some of them will be 
repeated this year against targets of loam, representing a much fairer 
average material. 

Further, it is to be remembered that the works were essentially and 
necessarily targets put up to be shot at, standing boldly up from a 
glaring plain of shingle. The art of the engineer had no scope, 
therefore, and the works represented skilfully traced siege and 
permanent works, much as a Wimbledon target represents a man or 
men. In some cases observations, such as it was considered might be 
expected in an actual siege, were reported back to the firing point. 
In others, to save ammunition and rapidly obtain positive effects, 
information which could not have been thus counted upon was 
supplied. The ranges were, of course, known to a yard, and each 
gun was laid by an expert. 

The human factor exercises a disturbing element in calculation, and 
defies measurement. 

If full consideration is given to the conditions above enumerated, 
the extreme difficulty of arriving at positive deductions applicable to 
siege warfare will be at once apparent. That modern siege artillery 
will obtain results considerably exceeding those realised in 1870-71 and 
1877 is granted. That results are to be anticipated bearing any 
resemblance to those obtained at Lydd cannot be admitted for a 
moment. 

It is proposed to consider the Lydd results seriatim : — 

1. Parallels. 

(a) First parallel J thickness at ground line about 17 feet ; range, 
800 yards. Fused common shell. 

6-in, B.L, gun, — A single round cut through the parallel, trenching 
it down 1 foot 6 inches. Two rounds close together breached it nearly 
to the ground level, mean top breadth, 7 feet 6 inches. 

5-tn. B.L, gun. — A single shell trenched the parallel through to a 
depth of 2 feet, mean top breadth about 5 feet. Two hits occurring 
close together breached it nearly to the ground level; mean top 
breadth 5 feet. Out of 7 plugged shells subsequently fired, 2 scooped 
up and went to sea, and 4 broke up on striking near the ground line. 

12-pr. B.L, gun. — Three rounds striking exacihj at the same spot 
breached the parallel half through ; mean top breadth 4 feet 6 inches. 
A single round appeared to make a very small crater, 3 feet in 
diameter. No other rounds were fired, as it was judged that 4 rounds 
hitting on the same spot would have breached the parallel completely. 

Deductions. — The 6-in. B.L. and 5-in. B.L. guns can evidently 
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breach a parallel constmcted in Ljdd claj with ease, and would probably 
be able to trench through any parallel. As, however, it would require 
12 rounds exactly placed to lay bare 10 yards of trench, it would never 
be worth while to fire at a parallel, unless it was ascertained that some 
specially desirable objects — say a geperal and his staff — were concealed 
behind a particular portion, and the general might not elect to await 
the completion of the breach. The construction of the first parallel 
means the establishment of an artillery superiority on the part of the 
attack, and a 6-in. 6.L. gun surviving to this period could scarcely be 
spared to fire at the parallel. On the other hand, the knowledge, 
proved by an occasional experience, that the parallel could be trenched 
through by a single well-aimed shell might exercise a certain amount 
of moral effect on infantry manning it, and might possibly tend to 
restrict free communication behind it. 

The 12-pr. 6.L. is apparently quite unable to penetrate a 17- ft. 
parapet with a fused shell at 800 yards, and to place 6 shells exactly 
in the same spot is beyond the possibility of service conditions. More- 
over, it is certain that 6 shells exactly placed in a loam or sand parapet 
could not breach it. A 17-fb. parapet, built of average soil, with a flat 
exterior slope, may probably be taken as sufficient protection against 
the 12.pr. B.L. at 800 yarda 

(b) Second parallel^ thickness at ground level 17 feet; gabion 
revetment ; range, 400 yards. Plugged common shell for penetration. 

5-tw. B.L. gun, casUiron shell. — Parallel never penetrated. Maximum 
penetration, 15 feet 6 inches at 1 foot above ground level. Every shell 
which struck the parallel and was held by it broke up. Out of 18 
rounds, 6 grazed and went on 

12-pr. B.L. gu7i, steel shell,- — Out of 17 hits, 6 penetrated com- 
pletely, 5 grazed and went on. Maximum penetration 21 feet, the 
shell burrowing into the ground under the gabion revetment. 

(j'pr. Hotchkiss quick-firing gun ; cast-iron shell, — Out of 20 rounds 
there were 19 hits, and 7 shells broke up. Maximum penetration 
12 feet. 

Deductions. — This experiment .serves to illustrate the well-known 
unfitness of cast-iron shell for high velocity guns against earth 
parapets. A large proportion even of the 6-pr. shells broke up. The 
tendency of those shells which grazed to be deflected up is remark- 
able. The angles of descent were, however, very small — 42 mins. for 
the 5- in. B.L., and 22 mins. for the 12-pr., 

The penetration of the 12-pr. steel shell is remarkable. If a 
12-pr. shell can be driven through 21 feet of normal parapet, and 
burst beyond by a delay action fuse, the fact would have a significance 
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in relation to Geld works. Bat, on the other hand, the range was 
very short, and field gans could rarelj or never be serred within 400 
yardfi of any defended earthwork. 

(c) Seeof id parallel. Same conditions. Fused common shell. 

5-I/I. B,L, guUy CAixt'iron «^Z/. -^Parallel breached nearly to ground 
level in 2 rounds ; mean breadth, 4 ft. G in. ; 5 gabions displaced. 
A single round trenched through the parallel to a depth of 2 ft. ; 
breadth, 8 ft. 6 in. ; 2 gabions displaced. Out of a total of 15 rounda, 
only 5 hits were obtained. 

\2-pr. D.L, gun, steel shell. — Parallel breached by 4 rounds ; depth, 
3 ft. ; breadth, 4ft. G in.; one gabion displaced. A single shell made a 
crater 2 ft. deep and 4 ft. G in. in diameter at top. 

G'pr. llotclikiss quick-firing gun^ casUiron shell. — Range a little over 
300 yards. Parallel breached in 15 rounds ; mean breadth, 3 ft. 6 in. ; 
depth varied much, but parallel still afforded cover. Individual shells 
made trifling craters. 

DediwJions. — A second parallel can easily be breached by fused 
shell from the 5. in. 6.L. and 12-pr. B.L. at 400 yards ; but not by single 
hits. Whether it would be worth while to attempt to make a breach 
which could be repaired by trifling labour is qaestionable. It should 
be noticed that two- thirds of the shells fired from the 5.in. B.L. under 
peace practice conditions missed the target. Four of these rounds 
were, however, fired from an indifferent or unstable platform. To 
attempt to breach a parallel systematically with a G-pr. Hotchkiss 
would be throwing away ammunition, and this portion of the experi- 
ment must be regarded in the light of a tour de force. 

2. Saps. 

(a) Single sap ; 300 yards. Fused common shell. 

12'pr. B,L, gun, steel shell. — Out of 20 rounds, 14 effective hits. 

Saphead destroyed. Two dummies hit. First and second stages 

breached. 

G-pr. Hotchkiss quick-firing gun. — Out of 20 rounds, 13 effective hits. 

Saphead destroyed. Only 1 dummy hit. 

3-pr. Hotchkiss quick-firing gun. — The saphead, formed of sandbags 
filled with balls of clay ; height, 2 ft. G in. ; thickness at ground level, 
3 ft. G in. ; was laid iMire in 4f rounds. Leading dummy hit. 

Deductions. — Single sap could not be carried on by daylight in 
face of the fire of any of the above guns, unless the natural features of 
the ground were specially favourable to the operation. The possi- 
bility of sapping, therefore, turns upon the power of the artillery of 
the attack to prevent any such guns being brought to bear on the sap- 
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heads. On the whole, it appears prohable that the defender, by 
moving his gans aboat judicioaslj, will be able to stop sapping bj day 
on any part of the terrain which can be seen from his position. 

(h) Double sap, 300 yards range. Fnsed common shell. 

12 B,L. gun, steel shell, — A single ronnd laid bare one of the sap- 
heads, formed of sandbags, filled with shingle and having earth in front. 
Thickness at ground level, 5 ft. 6 in. The traverse, 15 fb. thick at the 
gronnd level, was breached in 4 rounds out of 12 fired. Mean depth 
of breach, 3 ft. ; breadth, 4 ft. All the dummies were hit. 

Deductions, — As for single sap (see above). Double sap cannot be 
carried on by daylight against the fire of the above gnn. 

(c) Blinded sap, 300 yards range. Fused common shell. 

12-pr. B,L. gufif steel shell, — No saphead. Blinded portion exposed 
to direct fire. Damage in 8 rounds very great ; 16 ft. of overhead cover 
destroyed. 

6-pr, Hotchkiss quick-firing gun. — The saphead covering blinded 
portion was formed of sandbags filled with shingle ; 3 ft. thick, 2 ft. 
high. Saphead destroyed in 10 rounds. Great damage to overhead 
cover, which fell in during the following night. 

Deductions. — Blinded sap is useless against any of the guns named 
above. Except to resist vertical fire from light mortars, it is difficult 
to imagine any circumstances in which this sap will be useful. Cover 
must be sought by deep trenches, not by timber and earth covering. 

(d) Single sap. Double sap. Blinded sap. 300 yards. 
Nordenfelt l^in., Galling OAb-in. machine guns. — Effect trifling. No 

dummies hit. 

Deductions. — The above machine guns are unable to stop sapping 
at this range. The moral effect of their fire might at first be con- 
siderable ; but, as its real harmlessness would soon be recognised, 
men would become accustomed to it. Doubtful moral effect would 
scarcely justify the enormous expenditure of ammunition required to 
keep up a continuous fire for hours. 

3. Field Magazine, 2,400 Yards, Common Shell, with Delay 

Action Fuse. 

SUn. B.M.L. howitzer, 70 cwt,^ cast'iron shells, 14-lb. bursters. 

(a) Overhead cover 10 in. by 10 in. fir baulks; double layer 
36-lb. rails; 6ft. earth. Top of magazine 27ft. square. Whole 
horizontal target 36 ft. square. Visible vertical target 31fl. 6iB. 
by 6 ft. Effective hits 4 out of 27 rounds. Of these, 3 broke 
through the magazine sheeting, 2 in front, and 1 on the flank, filling 
the interior with debris. One blind shell broke through the rails. 
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bnt was deflected into a horizontal line by the banlks, which it 
damaged. This shell penetrated altogether 20 feet of earth. A single 
good crater was 14! fb. in diameter and 5 fb. 6 in. deep. 

(6) The- magazine was rcbailt, the overhead cover consisting of 
12 in. by 12 in. oak banlks, with a double layer of 36- lb. rails ; 
1 fb. 9 in. clay ; upper layer of 10 in. by 10 in. fir banlks, with double 
layer of 36-lb. rails ; finally, 6 fb. of clay. The upper layer was 
set forward so that a projectile just clearing it with a fall of 34° 
would strike just short of the point of the magazine sheeting at the 
floor level. The projectiles were — 10 cast-iron shells, 6 diameter 
head ; 3 steel shells, 6 diameter head ; 3 cast-iron service shells. Out 
of the 16 rounds, 10 hits were obtained. The upper protecting layer 
was broken through and bared by 3 rounds. One other round, 
striking halfway down the 45° exterior slope, cleared the upper pro- 
tecting layer altogether, and blew in the sheeting of the magazine, at 
the same time displacing the front bearer of its roof. The lower oak 
and rail layer were never penetrated. It is doubtful whether the 
magazine would havo been fired; but it was rendered useless, and 
blocked with debris. 

Deductions, — The experiment was unavoidably barbarous. It was 
necessary to put up a target which could easily be hit ; so that, with 
a reasonable expenditure of rounds, results representing a possible 
maximum micfht be obtained. Under no conceivable circumstances, 
however, would a magazine of this description, with its 45° slopes, bo 
built up in full view of an 8-inch howitzer. It may probably be 
accepted that nearly the same conclusion would have been reached in 
any other soil, however favourable ; since the maximum penetration, 
20 fb., leaves a margin of reserve. The angle of impact of the 
shells with the exterior slope was 78° 40', and the drop of the 
shells 33° 40'. The shells which give the best results kept fairly on 
their trajectories after impact, even when striking the flat top of the 
target ; but in one case the angle of descent appeared to be slightly 
inrceased. In the case of one shell only would the effect have been 
diminished by substituting a flat exterior slope. The projectiles of 
the 6-inch B.L., with their much flatter trajectory, would not have 
been so well held by the clay, and it is probable that the magazine 
would have been quite safe against single hits from this gun, and that 
a large expenditure of ammunition Would have been needed to injure 
it. The best results were, in every instance, due to the high angle at 
which the shells continued their course after impact. Even, with 
a double protecting layer, the magazine proved unsafe against a single 
8-inch shell; bnt the same amount of protection differently disposed 
would have sufficed. 
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No field magazine which coald possibly be constmcted is safe 
against repeated accnmalative bursts of shells from the 8-inch howitzer. 
Every magazine, however, is liable to be blown np by a single lucky 
shell, which, dropping at the mouth of the entrance passage, fires 
powder at the moment of being carried out. These magazines — 
especially of the strengthened form slightly amended — would un- 
doubtedly keep out projectiles of many kinds, at many ranges, and 
under many circumstances ; while the probability of successive shells 
striking at the same spot is not great. What are the real risks of a 
hit involving the destruction of an unseen magazine? No military 
operation can be carried on without risks. Are these risks, in the 
npecial case under considei^ation, inordinate ? But for the difficulty 
of obtaining a suitable range, this question might be subjected to 
experiment. An unseen magazine, the whereabouts of which was 
indicated by such information as might be expected to be obtained 
from ordinarily intelligent spies, or by means of a distant balloon, 
might be 6red at. The results of an experiment in this more prac- 
tical form would possess special interest; since it is evident that, as 
regards the question of risk, and as a representation of service 
conditions, the Lydd experiment is valueless. 

The only alternative seems to be, either to frankly accept the risk 
of two shells falling in the same place, and this the most dangerous ; or, 
as Colonel Baylay, R.A., suggests, to give up overhead cover and dis- 
tribute the store of powder by breaking it up into fractions isolated 
from each other. It should be noted that a satisfactory delay action 
fuse seems to have been arrived at. 

4. accdracy of fire with reduced charges for medium high 

Velocity Guns, Range 1,600 Yards. 

6'inch B.L, gun, common shell filled and plugged. Charge, 6 lbs. 
R. L, G.^ in place of 84 Ihs, P^— Wood targets, 27 ft. by 18 ft. Out 
of ten rounds, only two hits were obtained. Mean vertical error 
r2.ft. Elevation, 12 ft 10 in.; angle of descent, 14° 2'. Shells 
reported steady at the target. 

Common shell filled aiid fused. — Target, exterior slope of about 8°. 
Out of ton rounds, six hits were obtained, all in a rectangle 62 ft. by 
\\\ ft. ; angle of impact about 22°. The shells were not deflected ; 
craters small. 

Deductions. — The results appear to be decidedly unsatisfactory, not- 
withstanding that the rotation seems to have been sufficient to steady 
the shells in flight. The importance of being able to use modem guns 
with reduced charges for high angle fire is so evident that further trials 
in this direction are eminently desirable. 
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5. Effect of Gradual Slopes in deflecting Pbojictiles. 
Banoe 1,200 Tabds. Fused Common Shell. 

6^vich B,L, gun^ cast-iroti shelly parapet SO feet thieky exterior slope 15°. 
— Eight effectivo hits were obtained in ten rounds, foar on exterior 
slope 15°, and foar on superior slope 5**. None were deflected upwards ; 
bat they appeared to break ap rather than burst. The parapet was 
breached, but still afforded cover. Average breadth of breach, 9 ft. ; 
depth, 4 ft.; angle of descent, 1° 43'. 

Slope 8°, soft day. — Shells at first decidedly deflected and scooped 
up. As the broach began to be formed, they were better held by tho 
parapet. Breach formed in 21 rounds. Average breadth, 14 ft. ; 
depth, 4 fb. 6 in. 

8' inch R.M.L. howitzer^ 70 ciot.^ parapet 30 feet thick^ exterior slope 
15°. — Out of 20 rounds, 13 effective hits were obtained, and the parapet 
was breached. Average breadth of broach, 11 ft. 6 in. ; depth, 5 ft. ; 
angle of descent, 3° 55'. No deflection observed. Previous experi- 
ments with a similar target, having an exterior slope of 45°, showed 
that from six to nine effective hits were required to form a breach. 

Dedwitions, — The experiment was not altogether satisfactory, clay 
being an eminently unsuitable material. The cast-iron shells of the 
6-in. B.L., being held by tho parapet, were broken up. The effect of 
the decrease of slope in delaying tho formation of a breach is, never- 
theless, very marked, both in the case of the 6-in. B.L. and the 8-in. 
howitzer. The effect of one good burst in tho Lydd clay is to form a 
crater with steep sides, so that the succeeding shell finds a nearly 
vertical target. Tho effect of an .8-in. howitzer shell fairly burst in 
loam, as observed this year, was to create a visible indent, but to form 
no crater whatever. These experiments should evidently bo tried 
again with a different soil, and, as regards ascertaining the comparatiye 
deflecting power of slopes, delay action fuses or plugged shell appear 
to be needed, and steel shell for high velocity guns. Meanwhile, the 
case for flat slopes appears to be already made out. 

6. Number of Bounds required to dismount an Unseen Oterbank 

Gun. Range 2,400 Yards. 

The two target guns were behind a 30-fb. parapet, with a screen in 
front, which bid them from tho firing point. A laying mark was pat 
up occasionally. 
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Gnn 


No. of Rounds 


Result 


6 D.Li. m • • 

6"B.L.. . . 

6-6"R.M.L. . 
8" Howitzer . 


21 
24 

23 
23 


Both gnns dismoanted. 

One gun dismoanted ; detachment of other gnn 

killed. 
One gun dismounted and its detachment disabled. 
One gun dismounted and all its detachment killed 

except one man. 



Deductioru. — The 6-in. B.L. giin proved its superiority ; bat the 
performance of the 8-in. howitzer was very good, and, bat for one 
lucky burst of a shell of the 5-in. B.L. just in front of the target gun, 
the howitzer would have equalled the 5-in. B.L. It is evident that 
a siege battery, not itself under fire, would in a short time dismount 
any overbank guns directly in front of it, as soon as the range was 
obtained. More definite conclusions cannot well be laid down. If 
siege batteries concentrate their fire on individual guns with a view to 
dismount them successively, they will lay themselves open to unre- 
tumed fire at known range, and will suffer proportionately. Smoke 
will exercise considerable influence on the artillery engagement. The 
observation of the results of individual shells will be of cardinal im- 
portance to the attack, which cannot afford to lose time in the 
operation. The Lydd experiments showed that the best point for the 
observing party was about 700 yards to the flank, and 900 yards to 
the front, the observers being raised about 8 fb. above the ground. 
This position could certainly not be taken up until such advanced 
works of field type as the defence had been able to construct had been 
captured. Further, the Lydd range is devoid of all natural features, and 
rarely could the desired elevation of the observing party be obtained. 
It remains to be seen how far such observations can be carried on 
from balloons anchored at a safe distance ; and it is to be hoped that 
experiments in this direction may be made next year. The question 
is certainly importcmt. These dismounting experiments perhaps serve 
to show the value of the disappearing system of mounting both for 
defence and attack. A disappearing target, representing a dummy 
gun, is to bo fired at this year ; but the conditions will not be nearly 
so favourable to it as they might easily be made in actual practice. It 
should be exceedingly difficult to localise such gnns during the artillery 
engagement. 

General Conclusions. 

For many reasons siege experiments conducted under the con- 
ditions inevitable at such ranges at Lydd are most unfavoorable to 
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positive dedactions. They are nseful mainly as comparative deter- 
minations of the powers of different guns. It is greatlj to be regretted 
that we cannot place the Lydd results bj the side of those of identical 
experiments carried out with the German siege train of 1870, or 
the American gans of 1863. We know that it required 1,000 roonds 
of the 15-centimetre gan to effect an easily defensible breach at 
Soissons, and that 122,233 lbs. of iron failed to open np the provisional 
sand-covered bomb-proofs of Fort Wagner; but there is here no 
common denominator, and comparison fails to do more than indicate 
that the Lydd results must be heavily discounted. Certain general 
deductions, however, may perhaps be made. 

There is no apparent reason to expect that the defence will rush 
into armour. No expenditure on turrets or cupolas, such as is ever 
likely to be accepted, will greatly avail. The cupola will be a beautiful 
target to shoot at, and, with modem guns, it is evidently a question of 
time only to cut through any intervening mass of earth and concrete pro- 
tecting the turning gear. Apart from this, however, such a gun as 
the 8-in. howitzer, with ordinary luck and good observations, would, 
after a certain number of rounds, drop a shell between the cupola and 
its glacis, which would probably prove fatal. This experiment is to 
be tried at Ea8tbourne, and ought not perhaps to be prejudged. 
Cupolas, though they might otherwise be expected to prolong the life 
of guns mounted in them, do so at the price of providing a good 
upstanding target which may neutralise their benefits. In any case, 
the balance of advantage is not so evident as to cause their great ex- 
pense and other drawbacks to be readily accepted. 

For the artillery of the defence, the importance of the earlier 
stages of the bombardment is great. At the start, the defence 
possesses some slight but definite advantages which must be utilised 
to the utmost, as any considerable destruction of siege material would 
tell heavily on the attack. Fortresses must be liberally armed, and 
should have some guns and howitzers of heavier nature than any that 
the attack is likely to be able to bring into the trenches. Besides the 
permanently mounted guns, the defence must dispose of a large 
number of guns of siege typo on travelling carriages, and also of field 
and quick-firing guns. Such guns will serve not only as the armament 
of the advanced works, destined — as was shown at Belfort — to play 
a very important part in future sieges ; but, used as counter-attack 
guns, moved about in or in rear of the int'Crvals of the forts, they may 
serve to disconcert the plans of the besieger to an unexpected extent. 
It is only by such an armament so used that the defence can prevent 
the initiative from passing at an early stage into the hands of the enemy. 
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Perhaps the most important lesson is that the defence mast employ 
howitzers to a much greater extent than has been hitherto contem- 
plated. In a howitzer duel, if the howitzers are behind the line of 
forts, the defence possesses definite advantages. If the howitzers are 
placed in the forts, the nncertaintj as to their position at once ceases to 
exist. Their position is known to be within an area of greater or less 
extent, boandcd in front by an eminently visible rampart. Having 
disposed of the direct shooting guns of the fort, the besiegers have 
only to pile shells on to its cramped area in order to make the service 
of howitzers practically impossible. Howitzers outside the forts, con- 
cealed by the ground, having no visible parapet in front of them, pre- 
senting no conspicuous target, and having their fire directed by observers 
stationed in the advanced works, and later in the forts themselves, 
ought to be able to approach more nearly to the Lydd standard of 
shooting, and to inflict great damage on the siege works, the direct 
shooting guns of which must at least be visible to the observing 
parties. To shell a fort is one thing, to fire at an indefinite cload of 
smoke rising behind a low hill, and only somewhat accentuated at 
intervals, is quite another matter. And it is to be remembered that 
the defence is by no means limited to siege conditions as to the weight 
of howitzers, but may use large calibres and very heavy shells. 

It is remarkable that, as regards coast defence also, the value of 
howitzer fire is coming more and more into prominence. At present 
the Italians have the lead, and howitzers form a principal feature 
rather than a mere accessory in the armaments of all their more 
important coast defences. In due time we shall doubtless follow suit, 
and before very long no coast defence armament will be considered 
complete without a large proportion of howitzers. When we had 
mortars which could not shoot, we freely mounted them in coast 
defences. Now that we have howitzers which shoot with remarkable 
accuracy, and position -finders by which the position of a ship in motion 
can be ascertained in advance, the enhanced power of curved fire is 
certain to receive full recognition. The deck of a first-class ironclad 
is its most vulnerable part ; and large howitzers, with shells canning 
some nitro-glycerine compound, are probably capable of putting any ship 
out of action with a single hit. A concealed group of howitzers, working 
with a position-finder, will be able, if necessary, to go on shooting all 
day ; and anything more heart-breaking for the ship than to remain under 
a fire to which she is unable to give any effective reply, cannot well be 
imagined. Except as regards the probable value of howitzer fire, Lydd 
affords no teaching with respect to coast defences. Ships cannot hope 
to effect breaches in parapets unless they are at anchor and not them- 
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selves under effective (ire. For them it is a question of dismounting 
a gun by a direct hit, or of bursting common shells or shrapnel with 
such exactitude as to kill the gun detachments or disable the carriages, 
and the excellent breaching results obtained with the 6.in. B.L. point 
no moral. They serve, however, to bring out the accuracy of this 
gun, which, as on board ship it will not be mounted behind thick 
armour, tells entirely in favour of the shore battery. 

The great command too frequently given to land works will 
certainly be reduced. This command may have been necessaiy when 
indirect fire was in its infancy, and the main object was consequently 
to bring the largest possible area into sight. The great advance in the 
accuracy of indirect fire — an advance by no means ended — ^has changed 
the conditions, and it will probably be sought to assimilate the forts 
in appearance more nearly to the siege works with which they are 
intended to compete. 

Flat slopes in the earthwork of forts are unquestionably advanta. 
goous. The Lydd clay with its steep-sided craters was specially un- 
favourable to the differentiation of results due to angle of slope ; but 
oven here the advantage was pronounced. Moreover, an abrupt 
change of angle is the surest way of making a work visible, and this 
alone should constitute a powerful argument in favour of flat slopes. 

No fort should be without an available supply of earth for repairs. 
It is not sufficient that earth can be carted in from the outside, and it is 
desirable that there should, if possible, be a surplus of earth in interior 
traverses, which can be turned to account for making good damages. 
Failing this, the defence will be handicapped in the important work of 
restoration. In night firing the better mounted guns of the defence 
should beat those of the attack, while the electric light confers advan- 
tages which ought to be turned to the utmost account. 

The occupation of positions in front of the line of forts by strong 
works of field or provisional type will play an important part in well- 
conducted defences. Such works will keep the attack at a greater 
distance to beg^n with. It is possible that the besieger may have to 
devote his sioge guns to them, in which case the guns and howitzers 
of the defence will gain a respite, which they should be able to turn to 
valuable account. Thus it may be practicable to inflict severe damage on 
the besieger's siege-material before the forts are even attacked. Till 
captured, the advanced positions will be the observing stations for the 
heavy howitzers and guns of the defence. The disadvantage entailed 
by the loss of morale caused by the abandonment of these positions will 
doubtless be accepted in consideration of the benefits they confer. 

It must be confessed that the Lydd experiments give rise to gloomy 
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forebodings as to the efficiency of onr older land defences. Short of 
reconstruction it is not easj to see what conld be done with them to 
render them fit to resist a modem siege train. They may be said to 
exist on sufferance, therefore, and it is fortunate that the prospects of 
a regular siege are excessively remote. Against a mere field army 
they are still sufficiently formidable. 

As regards siege works, the Lydd results afibrd useful hints. 
Provided that the defender's observation of his fire is well carried on, 
an artificial screen in front of a siege battery probably affords little 
real advantage. Natural cover will be anxiously sought for by the 
attack. Siege disappearing carriages will prove extremely advan- 
tageous. There is no reason to increase the section of parallels where 
they are merely covered communications or infantry trenches. Special 
portions will, however, need to be strengthened. The chances of 
ordinary sapping are limited. If the ground is very favourable or the 
defence very weak, such modes of advance may be carried on ; but it 
will rarely be possible to prevent field or quick-firing guns from being 
brought to bear on a saphead ; and if so, work will be altogether stopped 
till the siege guns have found out their positions and converged their 
fire upon them. Under ordinary circumstances deep sap alone is 
practicable, and this was fully recognised by the Germans ten years 
ago. Field magazines must be either concealed, strengthened, or 
abolished. If visible from the front, or if the besiegers possess observing 
stations which embrace them, they are unsafe as at present con- 
structed. 

The above are some of the conclusions arrived at from a careful 
study of the Lydd experiments. They are open to discussion and 
criticism ; but it is only by attempting to formulate them that either 
process is possible. 

Avgiifit 20, 1885. 

Since the above was written, a comparative experiment has been 
carried out at Lydd with two parapets of similar section — one built of 
the Lydd clay, the other of loam, the exterior slopes being 1 in 2. 
Three rounds of Palliser shell, plugged and weighted, were fired from 
the 9'2'' B.L. gun at each, at a range of 1,200 yards. The clay 
parapet was out half through, very nearly to the ground level. The 
loam parapet was practically uninjured. In the latter case, the shells 
all failed to penetrate, and appeared to scoop up at once, scarcely 
afiecting the parapet. Similar results were observed in the sand 
parapets at Alexandria, and, as was expected, the projectiles from the 
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high velocity gun appear to have exhibited the tendency to mere 
deflection in an even greater degree. 

Judging from this experiment, it seems that parapets of sand or 
light loam will not hold such projectiles at all, and that little or no 
penetration can be obtained if slopes only are exposed to fire. In any 
case, it appears probable that the thickness of parapet which it is 
customary to prescribe for coast batteries may be materially modified 
in many cases. Unless the experiment above referred to proves to be 
altogether abnormal, a thickness of 40 feet of sand is evidently quite 
unnecessary. 

October 5, 1885. G. S. C. 
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